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SECTION 1

INTRODUCTION

This work plan, prepared by Parsons Engineering Science, Inc. (Parsons ES), presents
the scope of work required for the collection of data necessary to conduct a treatability
study (TS) for remediation of groundwater contaminated with petroleum hydrocarbons at
the Base Exchange (BX) Shoppette underground storage tank site (Site E11) located at
Eaker Air Force Base (AFB) (the Base), near the city of Blytheville, Arkansas. Several
groundwater remedial options will be evaluated as a part of the TS report, including:
active bioremediation (i.e., air sparging and bioventing); groundwater extraction,
treatment, and disposal (i.e., pump and treat); and natural contaminant attenuation
(intrinsic remediation) with long-term monitoring. Hydrogeologic and groundwater
chemical data necessary to evaluate the various remedial options will be collected under
this program; however, this work plan is oriented toward the collection of hydrogeologic
data to be used as input into groundwater flow and solute transport models in support of
intrinsic remediation for restoration of groundwater contaminated with benzene, toluene,
ethylbenzene, and xylene (BTEX).

As used in this report, the term “intrinsic remediation” refers to a management strategy
that relies on natural attenuation mechanisms to remediate contaminants dissolved in
groundwater and to control receptor exposure risks associated with contaminants in the
subsurface. “Natural attenuation” refers to the actual physical, chemical, and biological
processes that facilitate intrinsic remediation. Mechanisms for natural attenuation of
BTEX include biodegradation, advection, dispersion, dilution from recharge, sorption,

and volatilization. Of these processes, biodegradation is the only mechanism working to
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transform contaminants into innocuous byproducts. Intrinsic bioremediation occurs when
indigenous microorganisms work to bring about a reduction in the total mass of
contamination in the subsurface without the addition of nutrients. Patterns and rates of
intrinsic remediation can vary markedly from site to site depending on governing

physical and chemical processes.

As part of the TS, the contaminant fate and transport modeling effort has three primary
objectives: 1) predict the future extent and concentration of dissolved contaminant
plumes by modeling the effects of advection, dispersion, sorption, and biodegradation; 2)
assess the possible exposure of potential downgradient receptors to contaminant
concentrations that exceed levels intended to be protective of human health and the
environment; and 3) provide technical support for selection of the intrinsic remediation
option as the best remedial alternative at regulatory negotiations, as appropriate. The
modeling efforts for the BX Shoppette at Eaker AFB will involve completion of several

tasks, which are described in the following sections.

This work plan was developed following discussions among representatives from the

Air Force Center for Environmental Excellence (AFCEE), Air Force Base Conversion

| Agency (AFBCA), and Parsons ES at a meeting held at the Base on November 16, 1995,

the statement of work (SOW) for this project, and on a review of existing site
characterization data. All field work will follow the health and safety procedures
presented in the program Health and Safety Plan for Bioplume II Modeling Initiative
(Engineering Science, Inc., 1993), and the site-specific addendum to the program Health
and Safety Plan. This work plan was prepared for AFCEE and AFBCA.

1.1 SCOPE OF CURRENT WORK PLAN

The ultimate objective of the work described herein is to provide a TS for remediation
of hydrocarbon groundwater contamination at the BX Shoppette. However, this project is
part of a larger, broad-based initiative being conducted by AFCEE in conjunction with
the US Environmental Protection Agency (USEPA) and Parsons ES to document the

1:\4501 S\workplantextis-1.doc 1-2
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biodegradation and resulting attenuation of fuel hydrocarbons and solvents dissolved in
groundwater, and to model this degradation using numerical and analytical groundwater
model codes. For this reason, the work described in this work plan is directed toward the
collection of data in support of this initiative. Data sufficient to develop a 30-percent
design of an alternate groundwater remediation system, should intrinsic remediation not
prove to be a viable remedial option at this facility, also will be collected under this
program. This work plan describes the site characterization activities to be performed by
personnel from Parsons ES in support of the TS and the groundwater modeling effort.
Field activities will be performed to determine the extent of mobile and residual light
nonaqueous-phase liquid (LNAPL) at the site and to determine the extent of dissolved
contamination. The data collected during the TS will be used along with data from
previous investigations to complete the characterization of the site. These data will also
be used in the groundwater flow and solute transport models to make predictions of the

future concentrations and extent of contamination.

Site characterization activities in support of the TS will include: 1) determination of
preferential contaminant migration and potential receptor exposure pathways; 2) soil
sampling using cone penetrometer (CPT) direct-push technology; 3) groundwater
monitoring point placement; 4) groundwater sampling; and 5) aquifer testing. The
materials and methodologies to accomplish these activities are described herein.
Previously reported site-specific data and data collected during the supplemental site
characterization activities described in this work plan will be used as input for the
groundwater flow and solute transport models. Where site-specific data are not available,
conservative values for the types of aquifer materials present at the site will be obtained
from widely accepted published literature and used for model input. Sensitivity analyses
will be conducted for the parameters that are known to have the greatest influence on the
model results, and where possible, the model will be calibrated using historical site data.
Upon completion of the modeling, Parsons ES will provide technical assistance at
regulatory negotiations to support the intrinsic remediation option if the results of the

modeling indicate that this approach is warranted. If it is shown that intrinsic remediation
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is not the most appropriate remedial option, Parsons ES will recommend the most

appropriate groundwater remedial technology on the basis of available data.

This work plan consists of six sections, including this introduction. Section 2 presents
a review of available (previously reported) site-specific data, and conceptual models for
the site. Section 3 describes the proposed sampling strategy and procedures to be used
for the collection of additional site characterization data. Section 4 describes the remedial
option evaluation procedure and TS report format. Section 5 describes the quality
assurance/quality control (QA/QC) measures to be used during this project. Section 6
contains the references used in preparing this document. There are two appendices to this
work plan. Appendix A contains a listing of containers, preservatives, packaging, and
shipping requirements for soil and groundwater samples. Appendix B contains a
summary of site data, including available well logs, and summaries of historical soil and

groundwater analytical data from previous field investigations.

1.2 BACKGROUND

Eaker AFB is located in the northeastern corner of Arkansas, in Mississippi County,
approximately 3 miles south of the Missouri state line and 11 miles east of the Tennessee
state line. The Base occupies an area of approximately 3,300 acres 2 miles northwest of
Blytheville, Arkansas and adjacent to the community of Gosnell (Figure 1.1). The Base
is divided roughly in half by the main north/south runway (Figure 1.2). Aviation support,
approximately 930 Base housing units, a hospital, and commercial facilities are located in
the western portion of the Base. The eastern half of the Base is dedicated primarily to
agricultural, recreational, and industrial activities. The predominant existing land use

surrounding Eaker AFB is agricultural, with some residential parcels (Eaker AFB, 1992).

The Base was established in 1942 as the Blytheville Army Airfield and served as a
training center until deactivation in 1945. From 1947 to 1955, the site was used for
manufacturing, private housing, and as an airport. The Base was reactivated as

Blytheville AFB in 1955 under the direction of the Tactical Air Command, and then
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transferred to the Strategic Air Command (SAC) in 1958. The 97th Bombardment
Wing assumed command of the Base until the disestablishment of SAC in 1992, when
control was transferred to the Air Combat Command. In 1988, the Base was renamed
Eaker AFB. Base operations in 1990 employed approximately 3,600 civilian and
military personnel (Eaker AFB, 1992). In July 1991, the recommendation for base

closure was approved and closure was scheduled for December, 1992.

The BX Shoppette site is located in the west-central portion of the base (Figure 1.2)
and is bounded by open land to the north and west, and by base operations facilities to the
east and south. Two 10,000-gallon USTs were installed at the site in 1969. The tanks
(160-A and 160-B) contained regular unleaded gasoline and were steel-constructed, tar-

~coated, and corrosion protected by sacrificial anodes (cathodic protection). Two

additional USTs (160-C and 160-D) were installed in 1971. Tank 160-C was steel-
constructed, tar-coated, and cathodically protected. The tank capacity was 6,000 gallons.
The tank originally contained regular leaded gasoline; however, the tank was converted to
a premium unleaded gasoline tank in 1990. Tanks 160-A, -B, and -C are located within a
gasoline tank pit, approximately 30 feet northwest of the BX Shoppette (Figure 1.3).
Tank 160-D, a 1,000-galion tank used to store waste oil, is located in the northeastern
corner of the shoppette building (Figure 1.3). This tank is constructed of steel but is not
cathodically protected (Halliburton NUS, 1994).

In 1974, a leak in the pipeline from the fuel USTs to the fuel dispensers was repaired.
An unknown amount fuel was released prior to repair of the 1974 pipeline leak, and no
hydrocarbon-contaminated soils were removed during the repair (Halliburton NUS,
1992). In December 1989, a tank tightness test was performed on the BX Shoppette
USTs. Tank 160-A failed the tightness test and was subsequently deactivated in March
1990. In August 1990, a tank and line tightness test was performed on the remaining
USTs and fuel dispensing system. This test indicated leaks in one of the 10,000-galion
USTs, the 6,000-gallon UST, and the waste oil tank. The tops of the tanks were exposed

and isolated from their associated piping for retesting. All four tanks passed the retesting.
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In February and June 1991 a total of 28 soil borings were installed by Professional
Services, Inc. (PSI) (Halliburton NUS, 1992). These borings confirmed the presence
hydrocarbons in the soil around the tank pit and identified free product in groundwater.
Halliburton NUS (1992, 1994, and 1995) continued site investigation under the
Installation Restoration Program (IRP) and collected additional soil samples, installed
monitoring wells, and sampled site groundwater. The horizontal limits of soil BTEX
contamination have been established, however the vertical extent of soil BTEX has not
been defined. BTEX compounds have been detected in soil samples from 22 feet below
ground surface (bgs) beMeen the fuel tank pit and the BX Shoppette. Mobile LNAPL,
was up to 4 feet thick in an area southwest of the gasoline tank pit, as measured in May
1992. Groundwater is contaminated and may be preferentially migrating laterally along
thin layers of silt and sand between clay layers. In February 1992, Eaker AFB personnel
bailed a total of 10.75 gallons of free product from monitoring well TW1105. Other than
this action, no product recovery has taken place (Halliburton NUS, 1994).
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SECTION 2

DATA REVIEW AND CONCEPTUAL MODEL DEVELOPMENT

Previously reported site-specific data were reviewed and used to develop a conceptual
site model (CSM) for the groundwater flow and contaminant transport conditions at the
BX Shoppette. The CSM guides the selection of sampling locations and analytical data
requirements needed to support the modeling efforts and to evaluate potential remediation
technologies (including intrinsic remediation). Section 2.1 presents a synopsis of
available site characterization data. Section 2.2 presents the preliminary conceptual
groundwater flow and contaminant transport model that was developed based on these

data.
2.1 DATA REVIEW
The following sections are based upon review of the following sources:

o Final Environmental Impact Statement Disposal and Reuse of Eaker Air

Force Base, Arkansas (FEIS) (Eaker AFB, 1992);

e IRP Draft Site Assessment Report for the BX Shoppette Underground Storage
Tank Site (Halliburton NUS, 1992),

o Unpublished site data (Halliburton NUS, 1994 and 1995); and

2-1

L:\45015\workplan\text\s-2.doc

{
3
B




e Site Characterization and Analysis System (SCAPS) Report [US Army Corps
of Engineers (USACE, 1995)].

2.1.1 Topography, Surface Hydrology, and Climate

Eaker AFB is located within the Mississippi Embayment of the Atlantic and Gulf
Plains physiographic province (Eaker AFB, 1992), and lies within the eastern lowland
portion of the Central Mississippi River Valley. The topography in the region is
generally level except in areas adjacent to the Mississippi River. Ground surface
elevations on the Base range from 245 feet above mean sea level (msl) at the southeastern
end of the Base (in the vicinity of Pemiscot Bayou) to 265 feet msl at the northwestern
end of the Base, near the firing range (Figure 2.1). At the BX Shoppette, the topography

is flat and the ground surface elevation is approximately 250 feet msl.

Eaker AFB is located within the St. Francis River watershed of the Lower Mississippi
River Basin. Surface water drainage is characteristic of the Mississippi River floodplain,
and drainage ditches and bayous have been dredged in the flat terrain to accommodate
surface water runoff. The majority of the Base lies above the level of the 100-year
floodplain, and the potential for flooding is minimal. A combination of open drainage
ditches and storm drains is used to capture and direct runoff from the Base (Eaker AFB,
1992). Stormwater runoff in the eastern portion of the Base drains to Pemiscot Bayou,
while surface water flow on the western half of the Base drains to Ditch 25. Both of
these drainage channels flow southwest to the Little River, which discharges into the St.
Francis River. The St. Francis River discharges into the Mississippi River approximately
150 miles south of Eaker AFB. Surface water flow at the BX Shoppette discharges into
the adjacent surface drainages which flow into Ditch Number 25, located approximately
4,000 feet north of the site.

2-2
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The Eaker AFB climate is subtropical, with mild winters and hot, humid summers.
July is the warmest month with an average maximum daily temperature of 90 degrees
Fahrenheit (°F). The coolest month is January with an average minimum daily
temperature of 28°F. The average annual precipitation is 48.3 inches, which is evenly
distributed throughout the year. The average annual relative humidity is 69 percent.
Flooding occurs during periods of prolonged heavy rainfall, and during the summer

months climatic conditions make tornade formation possible (Eaker AFB, 1992).
2.1.2 Overview of Geology and Hydrogeology
2.1.2,1 Regional Geology and Hydrogeology

The shallow subsurface geology of northeastern Arkansas consists of Quaternary
alluvium, which is thickest near the Mississippi River and thins in a westerly direction.
The alluvium is composed of interbedded clays, silts, sand, and minor gravel and has an
average thickness of 125 feet (Eaker AFB, 1992). The shallow, unconsolidated,
Quaternary sediments on Eaker AFT are interpreted to be flood plain and channel
deposits associated with the past and present positions of the Mississippi River
(Halliburton NUS, 1992). The overlying soils are weathering products of the alluvial
deposits and are generally nontransmissive, fine-grained, clayey soils. These soils

impede infiltration and allow for rapid runoff of surface water.

Sediments in the vicinity of the Base consist of over 2,000 feet of Tertiary and
Cretaceous unconsolidated deposits overlying Lower Paleozoic carbonate bedrock (Eaker
AFB, 1992). The Tertiary Wilcox Formation is present approximately 900 feet below the
Base. The lower part of this formation is composed of sands that produce potable water

used by Eaker AFB, the city of Blytheville, and the city of Gosnell (Eaker AFB, 1992).
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The aquifer is under confined conditions, and the water quality is excellent. Water
treatment is required only to remove slightly elevated iron concentrations. The lower
Wilcox Formation aquifer is protected from contamination by approximately 800 feet of

interbedded unconsolidated sands and clays that form the Claiborne Group.

Shallow groundwater in the vicinity of the Base is present between 7 and 12 feet bgs
and in the Quaternary alluvial sands. Irrigation wells and rural residences generally
obtain water from these Quaternary sands (Eaker AFB, 1992). The upper part of the
Quaternary deposits consists of sandy clay and clay, while the remainder of the deposits
are sand and gravel. The sands and gravels comprise the major water-bearing units in the
Quaternary deposits. Water from the alluvial aquifer is characterized as moderately hard
to very hard hardness (as calcium bicarbonate). The water table is highest in the area
northeast of the Base, indicating an area of surface recharge to the Quaternary sands and
gravels (Eaker, 1992). Flood control for the Mississippi River and local flooding are
responsible for some groundwater elevation fluctuation. Groundwater in the vicinity of

Eaker AFB flows southwest to south.

2.1.2.2 BX Shoppette Geology and Hydrology

Most of the ground surface at the BX Shoppette is covered by about 6 inches of
asphalt pavement overlying approximately 2 to 4 feet of sandy fill material. On the basis
of information collected during the previous investigations, the shallow alluvial
sediments at the site consist primarily of interbedded clays (with or without silt), sands,
and sandy clays. Below the fill are several interbedded clayey, sandy, and silty layers
extending to approximately 10 to 15 feet bgs. This series of units varies in texture both
laterally and vertically across the site. Underlying the top 12 to 19 feet of soil is a stiff,
gray and brown clay. The base of the clay layer is undefined, but this layer is suspected
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to be a minimum of 10 feet thick. A medium- to coarse-grained sand unit underlies the
clay where the sand is present. The sand has not been observed in all deep boreholes and
is not believed to be laterally continuous across the site. Figure 2.2 shows the location of
stratigraphic cross-sections A-A' and B-B'. Figure 2.3 presents cross-section A-A', which
is oriented in a northwest-southeast direction along the axis of groundwater flow. Figure
2.4 presents cross-section B-B', oriented southwest-northeast, approximately

perpendicular to the direction of groundwater flow.

The cross-sections were constructed using geologic boring logs from the Halliburton
NUS (1992) site investigation and CPT/laser induced fluorescence (LIF) verification data
results collected by the US Army Corps of Engineers (USACE, 1995). The CPT soil data
were interpreted using a soil classification graph and a fluorescence graph. The soil
graph is constructed by referencing the strain gauge readings, calibration curves, and an
empirical relationship. The fluorescence graph presents the relative measurement of the
returned fluorescence from the LIF window on the probe. This is a relative measurement
of the fuel hydrocarbon contamination. By comparing the CPT soil graph with existing
adjacent soil borehole logs, the data were correlated to produce a more complete cross-
section and to better define locations of suspected mobile LNAPL. Appendix B presents

available geologic boring logs and CPT/LIF output logs

Borehole logs from downgradient monitoring well MW1126 at the eastern corner of
the BX Shoppette near Arkansas Avenue (Figure 2.2) show that soils from the surface to
3 feet bgs are a silt and fine-grained sand. From 3 feet bgs to approximately 14 feet bgs
is an orange-brown, silty clay, with the silt content decreasing with depth. Below 14 feet
bgs, a dark-gray to brown clay with organic fragments and worm burrows extends to 25

feet bgs. The silt content of the clay soil increases with depth, and a fine-grained sandy
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clay is present to a depth of approximately 29 feet bgs. From 29 feet bgs to a total

drilled depth of 41 feet bgs a medium-grained, poorly sorted quartz sand is present.

There are currently 21 groundwater monitoring wells at the BX Shoppette. Seven
former temporary monitoring wells have been abandoned at the site. All of the wells are
screened in the shallow alluvial deposits. These wells were installed during several site
investigations as part of the IRP. Groundwater at the site occurs in the sandy units of the
Quaternary alluvium and may be perched above the finer-grained clay sediments,
Available monitoring well construction details are presented in Table 2.1. Figure 2.5

shows the groundwater surface for the BX Shoppette in March 1992.

Groundwater flow in the immediate vicinity of the site appears to converge on the site
from two different directions. West of the BX Shoppette the groundwater flow is to the
northeast; however, the confluence of two drainage channels north of the station appears
to create a recharge zone, resulting in a southerly groundwater flow from the confluence
toward the site. As a result, groundwater flow directly beneath the BX Shoppette is
deflected to the east by the convergent flows. The hydraulic gradient across the site
ranges from 0.016 foot per foot (ft/ft) south of the fuel tank pit to 0.0017 ft/ft in the
immediate tank pit and dispenser area (Halliburton NUS, 1992). The groundwater
surface shown on Figure 2.5 correlates with the shape and orientation of the groundwater
BTEX plume, implying that the groundwater flow direction at the site is relatively
consistent. The converging groundwater flow combined with the small gradient beneath

the site, gives groundwater a relatively longer residence time below the site.

In 1988, Halliburton NUS (1992) performed slug tests on shallow aquifer monitoring
wells located approximately 2,500 feet northeast of the BX Shoppette. Using the

methods of Bouwer and Rice (1976), hydraulic conductivity values at monitoring wells
2-10
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TABLE 2.1
SUMMARY OF WELL COMPLETION DATA
BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS
Total  Completion Screened  Ground  Top of
Installation  Depth Depth Interval Elevation Casing
Well ID Date {ft bgs) (ft bgs) {ftbgs)  (ftmsl) (ft msl)
TW1101 12/11/91 30 27.2 15.2-25.2 NAY NA
TW1102 12/11/91 30 24.7 12.4-22.6 NA 249.52
TW1103Y 12/11/91 30 27.1 15,1-25.1 NA 249,99
MWI1104 12/11/91 30 26.1 14.1-241 NA 251.48
TW1105 12/13/91 26 25.2 134234 NA 251.14
TW1106 12/13/91 29 25.7 13.5-23.7 NA 250.98
TW1107 12/13/91 30 27.2 15.1-25.2 NA 251.31
TW1108 12/14/91 29 252 8.2-23.2 NA 250.75
TW1109 12/14/91 25 202 82-182 NA 250.89
MWI1110 12/14/91 25 203 8.2-18.2 NA 251.23
MWI1111 12/15/91 22 20.1 8.1-18.1 NA 251.32
TW1112 12/15/91 25 25.1 8.1-25.1 NA 250.86
TW1113 12/15/91 27 253 8.4-233 NA 252.01
MW1114 12/16/91 24 18.4 6.2-16 4 NA 251.64
MW1115 12/16/91 22 18.3 6.2-16.3 NA 250.37
MWI1116 12/16/91 22 20 7.9-18.0 NA 250.62
TWI1117 12/17/%1 12 NA NA NA 250.83
TW1118 12/17/91 12 NA NA NA 250.42
MW1119 12/17/91 22 17 5.0-15.0 NA 249.75
MW1120 117192 30 29.2 17.2-27.2 NA 251.73
MW1121 4/8/95 17 16.2 42-142 25097  253.16
MW1122 4/7/95 18 17.3 5.1-15.1 250.68 253.02
MW1123 8/11/95 20 19 7.0-17.0  251.13  253.56
MW1124 8/12/95 38 38 26.0-36.0 251.93 253.58
MW1125 10/31/95 38 38 26.0-36.0 25058 25348
MW1126 11/1/95 41 41 29.0-39.0 25091 25370
MW1127 11/3/95 37 36.5 24.5-34.5 250.76 250.56
MW1128 11/5/95 40 40 28.0-38.0 NA 251.34

¥ NA = Data not availible.

¥ Temporary wells TW1103, TW1107, TW1108, TW1112, TW1113, TW1117,

and TW1118 have been removed.
Sources: Halliburton NUS, 1992 and 1995.

134501 S\workplan'tables\WELLINST. XLS

2-11




. -/ ™IS

s \':\ \ - ‘¢_Twnc4
/ / {f/_\&, 1T \\ GASOLINE

MONITORING WELL WITH GROUNDWATER

RN LEGEND
\\\ \\ N _¢_Mw110|

TEMPORARY WELL WATH GROUNDWATER

GROUNDWATER FLOW
DIRECTION

el ' \ :{)

AN

i3] N STORAGE TANKS

\><' SANTARY SEWER UMNE_ __ — —
\ WASTE OIL /
04 N

TANK PIT
(APPRonuATE)

O

ize \\9\
NN

7 TANK PIT
/N “_,~— UNDERGROUND o / e — = ——  SURFACE DRAINAGE

~—— 241 —— GROUNDWATER ELEVATION
CONTOUR LINE (fest msl)
{DASHED WHERE APPROXIMATE}

~¢ _¢¥

MWI116 <%

-¢-¢y\m121

e
"~

//, ,

FIGURE 2.5

GROUNDWATER ELEVATION MAP
{MARCH 27, 1992)

BX Shoppette
Intrinstc Remediation TS
Eaker AFB, Arkansas

PARSONS
ENOGINEERING SCIENCE, INC.

Denver, Colorado

K: \AFCEEN722450\24500017, 01/15/96 at 08:30

2-12

|
¥
]
.
;
i
i
;




MW502 and MW504 were calculated to be 2.1 x 10 centimeters per second (cm/sec)
and 5.4 x 10* cm/sec, respectively. Using the average of these two measurements,
Halliburton NUS (1992) estimated the hydraulic conductivity to be 1.06 feet per day
(ft/day) (3.7 x 10™* cm/sec) beneath the site. Using a gradient of 0.0017 fi/ft and an
estimated porosity of 0.25, the groundwater velocity at the BX Shoppette is
approximately 0.007 ft/day. Halliburton NUS (1992) assumed an aquifer thickness of
10 feet and caiculated an estimated aquifer transmissivity of 79 gallons per day per foot
(gal/day/ft) in the shallow alluvial aquifer below the BX Shoppette.

2.1.3 Summary of Analytical Data for BX Shoppette

2.1.3.1 Soil Sampling and Analytical Results

Historical soil sampling data are available for sampling events that took place in 1991
and 1995. In 1991, 56 soil samples were collected by Halliburton NUS (1994) from
boreholes B-1 through B-27, and 12 soil samples were collected from boreholes for wells
TW1103, TW1108, TW1109, and TW1110 (Figure 2.6). Four years later, Halliburton
NUS (1995) collected 11 additional soil samples during the installation of monitoring
wells MW1121 through MW1123 and soil boreholes SB1129 through SB1135. All the
soil samples collected during these sampling events were analyzed for BTEX and total
petroleum hydrocarbons (TPH). Some soil samples were analyzed for additional
contaminants [i.e., metals and semivolatile organic compounds (SVOCs)]; however,
results reported for these additional analytes are not of primary importance for
completion of this TS and are not summarized in this work plan. Table 2.2 summarizes
BTEX and TPH results for all soil samples collected during these sampling efforts.
Locations of soil samples collected during the 1991 investigation are shown on Figure

2.6.
2-13
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TABLE 2.2
SUMMARY OF SOIL ANALYTICAL DATA
BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS
Total Total
Depth Benzene Toluene  Ethylbenzne  Xylenes BTEX TPH
Borehole ID _ Date (ft bgs) (mg/kg)  (mg/ke) (mg/kg) (mg/kg)  (mgkg) (mg/kg)

B-1 2/91 5-10v 6.2 47 14 80 147.2 322
15 2.4 8.2 45 17 32.1 176

B-2 2/91 5-10 2.3 24 7.7 40 74 248
15 3.1 8.6 0.3 2.1 14.1 478

B-3 2191 5-10 14 250 62 300 626 338
15 3.6 16 1.8 9.8 31.2 176

B-4 2/91 510 - NDY 22 3.7 14 39.7 484
15 ND ND ND ND ND 477

B-5 2/91 5-10 15 130 2 90 257 559
15 2.4 15 3.9 16 373 351

B-6 2/91 5-10 1.5 18 2.5 14 36 218
15 1.6 6.2 1 46 13.4 147

B-7 2/91 5-10 38 44 7.3 44 99.1 212
I5 1.1 0.9 0.2 0.1 2.3 247

B-8 2/91 5-10 5 27 7 39 78 157
15 ND ND ND ND ND 163

B-9 2/91 5-10 16 43 16 88 154.6 136
15 1.6 1.4 0.2 0.5 3.7 179

B-10 2191 5-10 11 72 20 110 213 152
15 ND ND ND ND ND 203

B-11 2191 5-10 32 15 2.8 14 35 234
15 1.9 52 0.6 22 9.9 240

B-12 2/91 5-10 6.3 35 8.2 44 93.5 207
15 1.6 52 0.5 24 9.7 210

B-13 6/91 5-10 5.3 24 6.8 33 69.1 <30
15 0.7 1.1 ND 0.4 22 <30

20 0.8 1.2 0.2 0.8 3 <30

B-15 6/91 5-10 5.1 42 9.4 73 91.7 46
15 7.9 30 6.1 27 mn <30

20 3.7 16 45 24 482 35

B-16 6/91 5-10 9 37 11 46 103 <30
15 ND ND ND ND ND <30

20 ND ND ND 0.5 0.5 <30

B-17 6/91 5-10 2.3 13 4.3 26 456 <30
B-18 6/91 5-10 72 20 3.7 22 52.9 <30
15 6.2 19 52 24 54.4 <30

B-19 6/91 5-10 0.5 3 54 19 279 <30
15 0.6 1.8 ND 0.7 3.1 <30

20 0.7 1.9 0.3 0.8 3.7 <30
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TABLE 2.2 (Concluded)
I SUMMARY OF SOIL ANALYTICAL DATA
BX SHOPPETTE
INTRINSIC REMEDIATION TS
l EAKER AFB, ARKANSAS
Total Total
Depth Benzene Toluene  Ethylbenzne Xylenes BTEX TPH
I BocholeID  Date  (Rbgs) (mgky) (mghkg)  (mpky)  (mphg) (mghg) (mg/kp)
B-20 6/91 5-10 33 26 ND 26 553 <30
15 37 280 68 400 785 <30
20 14 130 31 160 335 <30
l B-21 6/91 5-10 18 84 15 100 217 30
15 13 54 18 83 168 64
20 84 22 4.7 27 62.1 <30
l B-22 6/91 5-10 53 32 1.5 44 B8.8 <30
15 15 65 10 51 141 <30
B-23 6/91 5-10 1 17 7.1 28 53.1 <30
I 15 0.6 2 1.9 7.8 12.3 <30
B-24 6/91 5-10 1.3 17 11 29 583 <30
15 0.2 2.3 1.6 71 11.2 <30
I 20 0.2 0.6 0.2 0.9 1.9 <30
B-25 6/91 5-10 4.4 28 79 44 84.3 <30
15 0.2 08 0.1 0.8 1.9 <30
B-27 6/91 5-10 2.4 23 92 36 70.6 <30
l 15 1.1 10 1.6 15 27.7 <30
TWIi103 12/11/95 3 <l <1 <l 3 3 <20
10 <1 <1 <1 <] <1 <20
l 22 ND <1 <1 <1 <1 <20
TWI1108 12/14/95 5 <1 <1 <1 3 3 <20
17 <1 <1 1 4 5 <20
l 21 <1 <1 <1 <] <1 <20
TW1109 12/14/95 6 5 17 17 78 123 172
10 <1 <1 <1 <1 <1 <20
I 18 <1 <1 <1 <1 <] <20
TWI1110 12/14/95 6-7 2 58 19 93 172 23
8.5 1 19 <1 51 ral <20
16.5 <1 3 <1 3 6 <20
I MWI1121A 4/8/95 NAY ND ND ND ND ND ND
MW1122A 471195 NA <1 <1 ND ND <] ND
MWI1123A  8/11/95 NA ND ND ND ND ND ND
l SB1129A 4/6/95 NA ND ND ND ND ND ND
SB1130A 4/6/95 NA ND ND ND ND ND ND
SB1131A 4/7/95 NA <l <1 ND ND <] ND
l SB1132A 4/9/95 NA ND ND ND ND ND ND
SBI1133A 477195 NA ND ND ND ND ND ND
SB1134A 4/8/95 NA ND ND ND ND ND ND
I SB1135A 411/95 NA 0.9 2.7 1.1 5.4 10.1 38
SB1135B 4/7/95 NA 6.1 27 15 74 122.1 570
¥ 5.10 foot samples were composited at 5 and 10 feet.
l ¥ ND = not detected.
¢ NA = data not available.
Sources: Halliburton NUS, 1992 and 1995.
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During the 1991 investigation (Halliburton NUS, 1992), saturated and unsaturated
zone soil samples were collected at depths ranging from 5 to 22 feet bgs. Soil BTEX
contamination was identified in saturated samples collected below the water table at 20
feet below bgs. However, the saturated samples collected below about 10 feet bgs do not
correlate with surface contamination sources and are believed to result from groundwater
smear of mobile LNAPL. Appendix B presents figures from Halliburton NUS (1992)

that contour the soil contamination below 10 feet bgs.

Significant concentrations of BTEX and TPH in unsaturated soils appear to be limited
to soils in the vicinity of the gasoline tank pit and the underground fuel line trench.
Figure 2.6 is an isocontour map showing BTEX contamination in soils to a maximum
depth of 10 feet bgs. The unsaturated soil BTEX contamination appears to be confined
within the site boundaries. The maximum total BTEX contamination measured in
unsaturated soils [626 milligrams per kilogram (mg/kg)] was detected in soil borehole B-
3, adjacent to the gasoline tank pit. Unsaturated soil contamination in the region of the
UST pit is concentrated mostly to the north and west of, and below, the pit. The highest
unsaturated total BTEX concentration not related to the tank pit contamination was
located at borehole B-21 adjacent to the fuel line trench, that lies between the tank pit and
the fuel dispensers. The remainder of the soil sampling indicated lower BTEX
concentrations throughout the rest of the BX Shoppette site (Figure 2.6). The fluctuation
of the groundwater surface, LNAPL dispersion, and isolated small fuel spills most likely
are responsible for the lower outlying soil BTEX concentrations away from the two

primary source areas (i.e., the gasoline UST pit and the fuel line).
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2.1.3.2 Groundwater Sampling and Analytical Results

A total of 28 monitoring wells have been installed at the BX Shoppette. All of the
wells have been installed by Halliburton NUS (1992 and 1995) during several phases of
investigation. Seven temporary wells (TW1103, TW1107, TW1108, TW1112, TW1113,
TW1117, and TW1118) were removed by Halliburton NUS (1992) after sampling and
analysis. Available well construction details are presented in Table 2.1. All of the
monitoring wells at the site are screened within the shallow unconsolidated sediments.
Groundwater quality data were collected from the BX Shoppette wells in 1992 and 1995
(Halliburton NUS, 1992 and 1995) as part of site assessment activities. BTEX and TPH

results for both groundwater sampling events are presented in Table 2.3.

Measurable mobile LNAPL (free product) has been observed in monitoring well
TW1105. Immediately after installation, well TW1105 contained 0.3 foot of LNAPL. In
January 1992, 5.35 feet of product was measured at monitoring well TW1105, and in
February 1992, 10.75 gallons of product was bailed from the well by Eaker AFB
personnel (Halliburton NUS, 1992). In May 1992, the LNAPL was measured at
approximately 4 feet. Analysis of the LNAPL indicated the product is leaded gasoline.
The storage and sale of leaded gasoline at the BX Shoppette ceased in March 1990;
therefore, the release that resulted in the accumulation of LNAPL in this area likely
occurred before 1990. It is possible that the 1974 leak in the fuel transfer line was the
source of the mobile LNAPL in this area (Halliburton NUS, 1992). The lateral extent of
the mobile LNAPL plume has not been determined, but the plume is believed to be
limited because it has only been observed in monitoring well TW1105. However, the
observed BTEX concentration of 36,800 micrograms per liter (ug/L) in a 1995
groundwater sample from monitoring well TW1111, about 100 feet north of TW1105, is
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TABLE 2.3
SUMMARY OF GROUNDWATER ANALYTICAL DATA
BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS
Total Total

Sample Benzene  Ethylbenzene  Toluene Xylene BTEX TPH
Well ID Date (ng/L) (pg/L) {ug/l) (ng/L) (pg/L) (mg/L)
TW1101 6/1/95 610 310 440 380 2240 9
TW1102 6/1/95 ND¥ ND ND ND ND ND
MW1104 1/13/92 <2 <2 <2 <32 <8 <0.2

6/2/95 130 210 170 560 1070 16
TW1105 NsY NS NS NS NS NS NS
TW1106 6/2/95 ND ND ND ND ND ND
TW1109 6/5/95 2200 170 160 1100 3630 15.5
MW1110 1/13/92 4300 2000 45000 1¢ 7600 59700 ¥ 2

6/2/95 10000 1000 280 3200 14480 52.5
MW1111 1/13/92 53007 1500 J <2 7120 J 13920 J 2.7

6/2/95 5000 2800 14000 15000 36800 21.2

8/15/95 4100 2000 11000 14000 31100 67
MW1114 1/13/92 <2 <2 <2 <2 <8 <02

6/5/95 ND ND ND ND ND ND
MW1115 1/13/92 <2 <2 <2 <2 <8 <0.2

6/5/95 ND ND ND ND ND ND
MW1116 1/12/92 <2 <2 <2 <2 <8 <02

6/5195 ND ND ND ND ND ND
MW1119 1/13/92 <2 <2 <2 <2 <3 <0.2

6/5/95 ND ND ND ND ND ND
MW1120 1/12/92 <2 <2 <2 <2 <8 <02

6/8/95 ND ND ND ND ND ND
MW1121 6/8/95 ND ND ND ND ND ND
MW1122 6/8/95 ND ND ND ND ND ND
MW1123 8/24/95 ND ND ND ND ND “ND
MW1124 8/25/95 62 5.4 4.5 10 81.9 ND

Sources; Halliburton NUS, 1992 and 1995,
¥ ND = Not detected.
¥NS = Not sampled because mobile LNAPL was present.
“J = Estimated value.
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near equilibrium BTEX concentrations, and therefore this well may also contain free

product.

Elevated concentrations of dissolved BTEX in groundwater correspond with regions
of mobile LNAPL and soil contamination (Figure 2.7). Total BTEX concentrations in
excess of 10,000 pg/L. were detected in 1995 groundwater samples collected from
TW1110 and TW1111 (Halliburton NUS, 1995). The dissolved BTEX plume shape is
relatively symmetrical; and it does not appear to be traveling away from the site. The
convergent groundwater flow from the west and north, coupled with the flat hydraulic
gradient appears to be acting to limit plume migration away from the BX Shoppette. The
shape of the BTEX plume indicates relatively minor plume expansion to the northwest
and southeast. This observed plume expansion may be the result of the BTEX plume
traveling within the shallow aquifer in deeper, more conductive layers. At monitoring
well cluster MW1123 and MW1124, BTEX compounds were not detected in
groundwater samples from the shallower well (MW1123), but 81.9 ug/L total BTEX was
detected in a groundwater sample from the deeper well, (MW1124). BTEX was not
detected at the shallow downgradient well MW1121; and data from the deeper adjacent
well, MW1126, were not available. The downgradient extent of dissolved BTEX in

deeper aquifer zones has not been completely defined.

2.1.3.3 Geochemical Indicators of BTEX Degradation

Biodegradation of dissolved fuel hydrocarbons causes measurable changes in
groundwater chemistry (Wiedemeier et al., 1995). Microorganisms obtain energy for cell
production and maintenance by facilitating thermodynamically advantageous
reduction/oxidation reactions involving the transfer of electrons from electron donors to
available electron acceptors. This results in the oxidation of the electron donor and the
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reduction of the electron acceptor. Electron donors at the BX Shoppette include natural
organic carbon and fuel hydrocarbon compounds. Electron acceptors are elements or
compounds that occur in relatively oxidized states, and include dissolved oxygen, nitrate,

ferric iron, suifate, and carbon dioxide.

During aerobic respiration of BTEX compounds, oxygen is used as an electron
acceptor during microbial mineralization of carbon, and dissolved oxygen concentration
decrease. In anaercbic systems where sulfate, nitrate, and ferric iron are available
electron acceptors, the concentrations of sulfate and nitrate decrease, and the ferrous iron
concentrations increase. In anaerobic conditions where carbon dioxide is used as an
electron acceptor, it is reduced by methanogenic bacteria, and methane is produced.
Groundwater geochemical data collected at 16 wells at the BX Shoppette by Halliburton
NUS (1995) are summarized in Table 2.4. The data indicate that anaerobic
biodegradation of BTEX through sulfate reduction may be occurring at the site. Aerobic

biodegradation may be occurring, but data indicating this are not available.

Groundwater alkalinity is a measure of the ability of groundwater to buffer changes in
pH caused by the generation of biologically generated acids. Increased alkalinity in the
areas of groundwater BTEX contamination can occur in response to increased carbon
dioxide concentrations, which are a product of BTEX biodegradation (Morell and Hering,

1993). Figure 2.8 presents an isopleth map of groundwater alkalinity in August 1995.

Sulfate also appears depleted in the areas corresponding to the BTEX plume (Figure
2.7) at the site, which suggests anaerobic BTEX biodegradation through sulfate reduction.
Figure 2.9 is an isopleth map of August 1995 groundwater sulfate concentrations. In this
anaerobic process, the BTEX compounds combine with sulfate and hydrogen to produce

carbon dioxide, water, and sulfur. Comparison of Figures 2.8 and 2.9 with the
2-22
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TABLE 2.4
SUMMARY OF GROUNDWATER GEOCHEMICAL DATA
BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS
Nitrate Alkalinity Sulfate Chloride
Well ID (mg/L) (mg/L) (mg/L) (mg/L)
TW1101 ND¥ 280 13 5
TW1102 ND 270 382 5
MW1104 ND 260 38 7
TW1106 0.013 430 7 4
TW1109 0.1 - 330 22 36
MW1110 0.12 350 3 200
MW1111 0.03 220 ND ND
MW1114 ND 83 102 24
MW1115 0.16 81 57 9
MW1116 0.02 120 52 3
MW1119 0.01 630 86 9
MW1120 ND 240 2.5 ND
MW1121 0.13 62 15 ND
MW1122 ND 110 46 ND
MW1123 ND - 140 14 ND
MW1124 ND 170 28 1
¥ ND = Not detected.
Source: Halliburton NUS, 1995,
2-23
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groundwater BTEX plume (Figure 2.7) shows graphically that the areas of relatively high
alkalinity and reduced sulfate correspond with the BTEX plume. This is a preliminary
indication that biodegradation of BTEX compounds is occurring at the site. Additional

analysis of these and other attenuation processes will be provided in the TS report.
2.2 DEVELOPMENT OF CONCEPTUAL SITE MODEL

A CSM is a three-dimensional representation of a site’s hydrogeologic system based
on available geological, hydrological, climatological, and geochemical data. A CSM is
developed to provide an understanding of the mechanisms controlling contaminant fate
and transport and to identify additional data requirements. The model describes known
and suspected sources of contamination, types of contamination, affected media, and
contaminant migration pathways. The model also provides a foundation for formulating
decisions regarding additional data collection activities and potential remedial actions.
The CSM for the BX Shoppette will be used to aid in selecting additional data collection
points and to identify appropriate data needs for quantifying and simulating groundwater
flow characteristics and evidence of hydrocarbon degradation using groundwater flow

and solute transport models.
Successful conceptual model development involves:

o Defining the problem to be solved;

o Integrating available data, including
- Local geologic and topographic data,
- Hydraulic data,
- Site stratigraphic data, and
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- Contaminant concentration and distribution data;
¢ Evaluating contaminant fate and transport characteristics;
e Identifying contaminant migration pathways;
e Identifying potential receptors and receptor exposure points; and

e Determining additional data requirements.
2.2.1 Predicting Intrinsic Remediation with Fate and Transport Models

The positive effect of natural attenuation processes (e.g., advection, dispersion,
sorption, and biodegi‘adation) on reducing the actual mass of fuel-related contamination
dissolved in groundwater has been termed intrinsic remediation. Advantages of intrinsic
remediation include: (1) contaminants are transformed to innocuous byproducts (e.g.,
carbon dioxide and water), not just transferred to another phase or location within the
environment; (2) current pump-and-treat technologies are energy-intensive and generally
not as effective in reducing residual contamination; (3) the process is nonintrusive and
allows continuing use of infrastructure during remediation; (4) current engineered
remedial technologies may pose a greater risk to potential receptors than intrinsic
remediation because contaminants may be transferred into the atmosphere during
remediation activities; and (5) intrinsic remediation is far less costly than conventional,

engineered remedial technologies.

An accurate estimate of the potential for natural biodegradation of BTEX compounds
in groundwater is important to consider when determining whether fuel hydrocarbon
contamination presents a substantial threat to human health and the environment (through
modeling), and when deciding what type of remedial alternative will be most cost

effective in eliminating or abating such threats. Over the past two decades, numerous
2-27
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laboratory and field studies have demonstrated that subsurface microorganisms can
degrade a variety of hydrocarbons (Lee, 1988). This process occurs naturally when
sufficient oxygen (or other electron acceptors) and nutrients are available in the
groundwater. Hence, biodegradation is considered the most important natural attenuation
process operating to remove BTEX contamination. The rate of natural biodegradation is
generally limited by the lack of oxygen (or other electron acceptors) rather than by the
lack of nutrients such as nitrogen or phosphorus. The Supply of oxygen to unsaturated
soil is constantly renewed by the vertical diffusion from the atmosphere. The supply of
oxygen to a shallow, fuel-contaminated aquifer is constantly renewed by the influx of
oxygenated, upgradient flow and precipitation recharge, and by the vertical diffusion of
oxygen from the unsaturated soil zone into the groundwater (Borden and Bedient, 1986).
The rate of natural biodegradation in unsaturated soil and shallow aquifers is largely
dependent upon the rates at which oxygen and other electron acceptors enter the

contaminated media.

By combining site-specific geochemical and chemical evidence, the potential for
intrinsic remediation can be quantified through fate and transport modeling. Several
analytical and numerical models are available for modeling the fate and transport of fuel
hydrocarbons under the influence of advection, dispersion, sorption, and natural aerobic
and anaerobic biodegradation. Analytical models may be used in conjunction with
numerical models, such as Bioplume II, as appropriate. The Bioplume II numerical model
is based upon the US Geological Survey (USGS) two-dimensional (2-D) solute transport
model (Konikow and Bredehoeft, 1978), which has been modified to include a
biodegradation component that is activated by a superimposed plume of dissolved
oxygen. Bioplume II solves the USGS 2-D solute equation twice, once for hydrocarbon
concentrations in the groundwater and once for a dissolved oxygen plume. The two
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plumes are then combined using superimposition at every particle move to simulate
biological reactions between fuel products and oxygen. As appropriate, biodegradation
of contaminants by anaerobic processes is simulated using a first-order decay rate. The
Bioplume II model will be used to predict the fate and transport of contaminants at the

BX Shoppette site.
2.2.2 Initial Conceptual Site Model

The BX Shoppette hydrogeologic data were previously integrated to produce two
hydrogeologic cross-sections of the site. Cross sections A - A’ and B - B’ (Figures 2.3
and 2.4) show the interbedded hydrostratigraphic units present at the site as determined
from previous cross-sections and USACE (1995) CPT results. Figure 2.5 is a
groundwater surface map prepared using March 1992 groundwater elevation data

(Halliburton NUS, 1992)

The water table is present at approximately 7 to 12 feet bgs, in the silty sand and sandy
clay deposits in the beneath the site. Groundwater flow converges in the site vicinity
from the west and north, with gradients ranging from 0.016 ft/ft to 0.0017 ft/ft. On the
basis of the available data, Parsons ES will model the site as an unconfined, fine-grained
sand aquifer interbedded with clay sediments. The aquifer may become confined with
depth due to overlying clay units, and the CSM will be modified as necessary as
additional site hydrogeologic data become available. Vertical migration of site
contaminants in groundwater will be further investigated in the source area near
monitoring well TW1105 to evaluate the spread of dissolved BTEX in different aquifer

subunits.
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Mobile LNAPL is believed to be present at the BX Shoppette, and it may be necessary
to use the fuel/water partitioning models of Bruce et al. (1991) or Cline ef al. (1991) to
provide a conservative source term to model the partitioning of BTEX from the mobile

LNAPL into the groundwater. In order to use one of these models, samples of free

-product will be collected and analyzed for mass fraction of BTEX. Parsons ES also will

collect additional groundwater samples from immediately below the LNAPL layer.
Mobile LNAPL has been observed in well TW1105; the lateral extent of free product has
not been determined. Figtre 2.7 shows the extent of BTEX groundwater contamination
at the site. Information from this map and historical soil contamination data for the site
(Figure 2.6) will be used to select the locations of new monitoring wells to fully define

the extents of the mobile LNAPL and dissolved BTEX plumes at the BX Shoppette.

Because of it solubility and relative toxicity, benzene is the primary chemical of
interest in groundwater at the BX Shoppette. However, the synergistic effects of all of
the BTEX compounds on attenuation rates make site data on all of the BTEX compounds
important. Therefore, the BTEX compounds will be the primary focus of this intrinsic
remediation TS. The Bioplume II model will be used to simulate the degradation of these
chemicals at the BX Shoppette and to predict the concentrations and extent of the

contaminant plumes in the groundwater over time.

Dissolved BTEX compounds at the site are expected to continue to leach from
contaminated soils containing fuel residuals, to dissolve from mobile LNAPL into the
groundwater, and to migrate downgradient as a dissolved contaminant plume. In addition
to the effects of mass transport mechanisms (volatilization, dispersion, diffusion, and
adsorption), these dissolved contaminants will likely be removed from the groundwater

system by destructive attenuation mechanisms, such as biodegradation. The effects of
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these fate and transport processes on the dissolved BTEX plume will be investigated
using the quantitative groundwater analytical data and the solute transport models. Data

collection and analysis requirements are discussed in Section 3 of this work plan.
2.2.3 Potential Pathways and Receptors

Potential preferential contaminant migration pathways such as groundwater discharge
points and subsurface utility corridors (artificial conduits) will be identified during the
field work phase of this pfoject. The primary potential migration path for contaminants at
the BX Shoppette is from the residual LNAPL in contaminated soils and mobile LNAPL
at the site into the groundwater, and from the groundwater to potential downgradient

receptors via ingestion or incidental contact.

Shallow groundwater beneath the site flows toward the east. There are no known
operating potable or nonpotable water wells (other than monitoring wells) located within
1 mile downgradient or crossgradient from the site. Surfacé drainage by overland flow
from the site discharges into the adjacent surface drainages and flows into Ditch 25, north
of the site. Shallow soil contamination at the site is located at the gasoline tank pit and

fuel trench, and is not expected to impact surface water quality due to the asphalt cover.

The potential for exposure to contaminated groundwater originating from the site
through ingestion is low because Base access is restricted and Base drinking water does
not come from wells located downgradient from the site and within the surfical aquifer.
Pavement at the site prevents surface water/soil contact. However, fuel vapors could
migrate into the BX Shoppette building. There are four deep-aquifer potable- water wells
located approximately 2.3 miles southeast of the Base that are used by the city of

Blytheville. Site contaminants are not expected to migrate to any of these drinking water
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wells. However, determining the potential impacts from shallow groundwater discharge
into the adjacent drainage ditch will be of primary importance for assessing the feasibility
of intrinsic remediation at the BX Shoppette and will be considered in greater detail once
additional site data essential for the evaluation of intrinsic remediation have been

collected.
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SECTION 3
COLLECTION OF ADDITIONAL DATA

To complete the TS and to evaluate whether natural attenuation of fuel-related
contaminants is occurring, additional site-specific hydrogeologic data will be collected.
The physical and chemical hydrogeologic parameters listed below will be determined
during the field work phase of the TS.

Physical hydrogeologic characteristics include:

e Depth from measurement datum to the groundwater surface in existing monitoring

wells;

o Locations of potential groundwater recharge and discharge areas;
Locations of downgradient wells and their uses;

e Hydraulic conductivity through slug tests, as required;

o Estimation of dispersivity, where possible;

e Stratigraphic analysis of subsurface media;

o Groundwater temperature; and

o Determination of extent and thickness of mobile- and residual-LNAPL.
Chemical hydrogeologic characteristics include:

¢ Dissolved oxygen (DO) concentrations;

3-1

14501 S\workplanitextis-3.doc

3
|




TABLE 3.1
ANALYTICAL PROTOCOL FOR

GROUND WATER AND SOIL SAMPLES

BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS
FIELD (F) OR
MATRIX METHOD ANALYTICAL
Analyte LABORATORY (L)

WATER

Total Iron Colorimetric, Hach Method 8008 (or similar) F

Ferrous Iron (Fe+2) Colorimetric, Hach Method 8146 (or similar) F

Ferric Iron (Fe+3) Difference between total and ferrous iron F

Manganese Colorimetric, Hach Method 8034 (or similar) F

Sulfide Colorimetric, Hach Method 8131 (or similar) F

Sulfate Colorimetric, Hach Method 8051 (or similar) F

Nitrate Titrimetric, Hach Method 8039 (or similar) F

Nitrite Titrimetric, Hach Method 8507 (or similar) F

Redox Potential A2580B, direct-reading meter F

Oxygen Direct-reading meter F

pH E150.1/8W9040, direct-reading meter F

Conductivity E120.1/8W9050, direct-reading meter F

Temperature E170.1 F

Alkalinity (Carbonate [CO3-2] Titrimetric, Hach Method 8221 (or sirnilar) F

and Bicarbonate [HCO3-1])

Carbon Dioxide CHEMetrics Method 4500 F

Nitrate E300 or SW9056 L

Nitrite E300 or SW9056 L

Chloride E300 or SW9056 L

Sulfate E300 or SW9056 L

Alkalinity E150.1 L

Methane RSKSOP 175 L

Total Organic Carbon A5310C L

Aromatic Hydrocarbons SW8020 L

(Including Trimethylbenzene

and Tetramethylbenzene)

Total Hydrocarbons SW8015, modified for gasoline-range organics L
FREE PRODUCT

Free Product GS/MS, Direct Injection L
SOIL

Total Organic Carbon SW9060 L

Moisture ASTM D-2216 L

Aromatic Hydrocarbons SW8020 L

Total Hydrocarbons SW8015, modified for gasoline-range organics L

1:M501 S\workplan\tables\Table3-1.xls

“RSKSOP = Robert 8. Kerr Laboratory standard operating procedure.
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Specific conductance;

e pH;

Chemical analysis of mobile LNAPL to determine mass fraction of BTEX; and

Additional chemical analysis of groundwater and soil for the parameters listed in

Table 3.1.

Field work described in this work plan in support of the TS will be completed in
March 1996. The objective of field work will be to define the extent of residual and
mobile LNAPL hydrocarbon contamination using CPT in conjunction with LIF testing
and soil, groundwater, and mobile LNAPL sampling. Areas of residual and free-phase
hydrocarbon contamination were sampled during field operations conducted in 1991,
1992, and 1995; however, additional LIF testing will be required during the upcoming
field operations to better define the extent of residual and mobile LNAPL.

The following sections describe the procedures that will be followed when performing
field investigations and collecting site-specific data. The CPT/LIF system is described in
Section 3.1. Procedures for soil sample collection to verify CPT/LIF data are described
in Section 3.1.2. Procedures for the installation of new monitoring points are described in
Section 3.2. Procedures for sampling existing groundwater monitoring wells and newly
installed groundwater monitoring points are described in Section 3.3, and procedures for
the measurement of aquifer parameters (e.g., hydraulic conductivity) are described in

Section 3.4.
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3.1 CONE PENETROMETRY

Subsurface conditions at the site will be characterized using CPT coupled with LIF.
Cone penetrometry is an expeditious and effective means of analyzing the stratigraphy of
a site by measuring resistance against the conical probe of the penctrometer as it is
pushed into the subsurface. Stratigraphy is determined from a correlation of the point
stress at the probe tip and frictional stress on the side of the cone. Soil cores also are

collected to correlate the CPT readings to the lithologies present at the site.

CPT will be conducted using the USACE’s cone penetrometer truck. This equipment
consists of an instrument probe that is forced into the ground using a hydraulic load frame
mounted on a heavy truck, with the weight of the truck providing the necessary reaction
mass. The penetrometer equipment is housed in a stainless steel, dual-compartment body
mounted on a 43,000-pound, triple-axle Kenworth® truck chassis powered by a turbo-
charged diesel engine. The weight of the truck and equipment is used as ballast to
achieve the overall push capability of 39,000 pounds. This push capacity may be limited
in tight soils by the structural bending capacity of the 1.40-inch outside-diameter (OD)
push rods, rather than by the weight of the truck. The current 39,000-pound limitation is
intended to minimize the possibility of push-rod buckling. Penetration force is supplied

by a pair of large hydraulic cylinders bolted to the truck frame.

The penetrometer probe is of standard dimensions, having a 1.40-inch OD, a 60-
degree conical point with sacrificial tip, and an 8.0-inch-long by 1.40-inch OD friction
sleeve. Inside the probe, two load cells independently measure the vertical resistance
against the conical tip and the side friction along the sleeve. Each load cell is a cylinder
of uniform cross-section that is instrumented with four straih gauges in a full-bridge
circuit. Forces are sensed by the load cells, and the data are transmitted from the probe

3-4
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assembly via a cable running through the push tubes. The analog data are digitized,
recorded, and plotted by computer in the penetrometry truck. A grout tube also runs down
the push cylinder to allow the emplacement of cement grout in order to seal the CPT hole.
The USACE CPT is not equipped to monitor pore pressure; therefore, the location of the
water table will not be measured using the CPT apparatus. However, evaluation of point
and sleeve stresses can often provide an estimated depth to groundwater. The
penetrometer is usually advanced vertically into the soil at a constant rate of 2 cm/s,
although this rate must sometimes be reduced, such as when hard layers are encountered.
Penetration, dissipation, and resistivity data will be used to determine lithologic layering

as it is encountered in the field.

The known propensity of aromatic hydrocarbons to fluoresce under ultraviolet
wavelengths has allowed the use of LIF technology, in conjunction with CPT technology,
to detect soil characteristics and hydrocarbon contamination simultaneously. The LIF is
not capable of detecting chlorinated solvents. The LIF is only useful for more grossly
contaminated areas with mobile LNAPL or significant residual contamination
concentrations. The lower range of detection is greater than 100 mg/kg total
hydrocarbons. The LIF system has a 0.25-inch sapphire window in the side of the cone
that allows a laser to scan the soil for fluorescent compounds as the LIF penetrometer rod
pushes through soil. Assuming that aromatic hydrocarbons are simultaneously
solvenated with other fuel-hydrocarbon constituents, the magnitude of aromatic
fluorescence is indicative of hydrocarbon contamination in a soil matrix. Fiber optic
cables connected to the laser spectrometer and a 6-pair electrical conductor connected to
the CPT data acquisition system, are routed through the interior of the push tubes to the
CPT probe.

1:\4501 S\workplanitextis-3.doc
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The basic components of the LIF instrument are a nitrogen laser, a fiber optic probe, a
monochromator for wavelength resolution of the return fluorescence, a photomultiplier
tube to convert photons into an electrical signal, a digital oscilloscope for waveform
capture, and a control computer. The fiber optic probe for the cone penetrometer consists
of delivery and collection optical fibers, a protective sheath, a fiber optic mount within

the cone, and a 0.25-inch sapphire window (Figure 3.1).

The results of each CPT/LIF push will be available 2 or 3 minutes after the completion
of each hole. Graphs showing cone resistance, sleeve friction, soil classification,
fluorescence intensity, and wavelength will be plotted by USACE personnel at the
conclusion of each penetration and presented to the Parsons ES field scientist in order to

allow investigative decisions to be based on the most current information.

3.1.1 CPT/LIF Testing Strategy

The purpose of the CPT/LIF testing at the site is to. determine subsurface stratigraphy
and to better define the areal and vertical extent of residual fuel hydrocarbons in the
unsaturated zone and free-phase hydrocarbons in the site groundwater. The CPT will be
pushed from ground surface to below fluorescing contamination, refusal, or up to 60 feet
bgs, depending on contaminant distribution and subsurface conditions. In order to define
the edges of mobile LNAPL contamination, CPT/LIF points be will placed at the
locations shown on Figure 3.2. The majority of the points will be used to better define
the vertical and lateral extent of the mobile LNAPL layer that has been observed in
monitoring well TW1105. Points will be placed at the estimated outer extent of the
LNAPL to establish a known mobile LNAPL plume location. CPT/LIF points also will
be placed closer or further away, as necessary, to define the extent of the layer. Other
CPT/LIF sites are located downgradient from the site across the drainage ditch and will
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be used to install monitoring points to collect groundwater BTEX and electron acceptor
data. One CPT point will be located north of the site to serve as a background monitoring
point. The proposed CPT locations will be repositioned, as needed, based on data

collected at the time of field sampling.

Base personnel will coordinate with the USACE to identify the location of all utility
lines, USTs, fuel lines, and any other underground infrastructure prior to any CPT
activities. All necessary digging permits will be obtained by Base and the USACE
personnel prior to mobilizing to the field. Digging permits issued in 1995 for previous
USACE (1995) work at the BX Shoppette may be used if Base authorities agree. Base
personnel also will coordinate with USACE to acquire drilling and monitoring point

installation permits for the proposed CPT/LIF locations indicated in Figure 3.2.
3.1.2 Soil Sampling and Analysis

To check the CPT soil classifications and to calibrate the LIF data, soil samples from
discrete intervals will be collected at the site. Soil samples will be collected from varied
soil units (if present) within source areas and visibly contaminated areas, at the fringe of
the identified residual or mobile LNAPL hydrocarbon plume, and outside of the LNAPL
plume. Soil samples will be collected at up to 13 locations. Figure 3.2 shows the
locations for 10 proposed sampling locations, In addition, a minimum of three samples
will be collected from background or uncontaminated downgradient locations for total
organic carbon (TOC) analysis. These sampling locations will be determined by the field

scientist based on field data collected using the CPT.

When soil samples are collected using the CPT, a Hoggen-Toggler® attachment for the
CPT push rods will be used. A Hoggen-ToggIer® sampler is a device used to collect

undisturbed soil samples at any desired depth within the range of the driving apparatus.
3-9
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The sampler is coupled to the penetrometer rod and pushed into the soil with the CPT
truck. With the Hoggen-Toggler® cone in the closed position, soil is prevented from
entering the sampling tube until the desired depth is achieved. When the sampler has
been pushed to the depth at which the soil sample is to be taken, the sampling unit is
raised a few inches and the Hoggen-Toggler® apparatus is opened. The open Hoggen-
Toggler® is then pushed to fill with soil, then pulled from the gfound as quickly as
possible. The Hoggen-Toggler® sampling apparatus allows collection of 8-inch-long by
l-inch inside-diameter (ID) continuous samples. Recovery efficiencies for samples in
saturated or sandy soils are often reduced, or the samples are compromised, because of
spillage of the soil from the device after extraction. To mitigate this problem, soil
samples will be compressed in situ with the penetrometer and Hoggen-Toggler ®

assembly to expel the pore water before extraction.

When the Hoggen-Toggler® sampling technique described above is ineffective or
unable to efficiently provide sufficient soil volumes for the characterization of the site,
soil samples will be obtained using a hand auger or similar method judged acceptable by
the Parsons ES field scientist. Procedures will be modified, if necessary, to ensure good

sample recovery.

Recovered soil will be placed in analyte-appropriate sample containers (Appendix A)
and shipped to an approved analytical laboratory for analysis of BTEX, TOC, moisture
content, and TPH by the analytical methods listed in Table 3.1. The lithology of

recovered soil will be recorded for comparison and correlation with CPT results.

The Parsons ES field scientist will be responsible for observing all field investigation
activities, maintaining a detailed descriptive log of all subsurface materials recovered
during soil coring, photographing representative samples, and properly labeling and
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storing samples. An example of the proposed geologic boring log form is presented in

Figure 3.3. The descriptive log will contain the following information:
e Sample interval (top and bottom depth);
e Sample recovery;

e Presence or absence of contamination based on visual observations, odor, and

photoionization detector (PID) headspace measurements;

e Lithologic description, including relative density, color, major textural
constituents, minor constituents, porosity, relative moisture content, plasticity of
fines, cohesiveness, grain size, structure or stratification, relative permeability, and

any other significant observations; and

e Depths of lithologic contacts and/or significant textural changes measured and

recorded to the nearest 0.1 foot.
3.1.3 CPT Locations and Datum Survey

The horizontal location of all CPT/LIF testing locations relative to established Base
coordinates will be measured by a licensed surveyor. Horizontal coordinates will be
measured to the nearest 0.1 foot. The elevation of the ground surface will also be
measured to the nearest 0.1 foot relative to a USGS msl datum. Sample location and
other relevant site information for the soil cores collected for verification purposes will be

recorded by the Parsons ES field scientist.
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i GEOLOGIC BORING LOG Sheet 1 of 1
BORING NO.: CONTRACTOR: DATE SPUD:
I CLIENT: AFCEE RIG TYPE: CPT DATE CMPL.:
JOB NO.: 722450.15 DRLG METHOD: CPT ELEVATION:
LOCATION: EAKER AFB BORING DIA.: TEMP:
l GEOLOGIST: DRLG FLUID: _NONE WEATHER:
COMMENTS:
I Elev |Depth|Pro-| uS Sample  |Semple| Penet wspe | TOTAL | TPH
(1) | () | fie | cs _Geologic Description No. Depth (1)} Type | Res_[Pippm)PXpom)[BTEx(ppm)| (ppm)
| B
| >
10+
. | ]
. 157 i
I 20—
l 25—
' - 30 I
I
l FIGURE 3.3
GEOLOGIC BORING LOG
NOTES PLE TYP
' bgs — Below Ground Surface D — DRIVE BX Shoppette
GS - Ground Surface C — CORE Intrinsic Remediation TS
TOC -~ Top of Casing G — GRAB Eaker AFB, Arkansas
I NS — Not Sampled PARSONS
SAA — Same As Above Y woter level drilled ENGINEERING SCIENCE, INC.
- Denver, Colorado
I K: \AFCEE\722450\24500019, 01/12/96 ot 15:43
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3.1.4 Site Restoration

After sampling is complete, each CPT location will be restored as closely to its

original condition as possible. Any test holes remaining open after extraction of the

penetrometer rod will be sealed with hydrated bentonite chips, pellets, or grout to

eliminate the creation or enhancement of contaminant migration pathways to the
groundwater. Soil sampling using the CPT creates minor volumes of soil waste. The
accumulated volume of soil waste generated during field activities will be collected in 55-

gallon drums or buckets and disposed of at the soil landfarm located on Base.
3.1.5 Equipment Decontamination Procedures

The CPT push rods will be cleaned with potable water using the USACE CPT steam-
cleaning system (rod cleaner) as the rods are withdrawn from the ground. A vacuum
system located beneath the CPT truck will be used to recover rinseate. Use of this system
results in nearly 100-percent recovery of steam-cleaning rinseate from the rod cleaner.
Rinseate is generated only as the rods move past the cleaner, thereby minimizing liquid
waste generation. Care will be taken not to apply the pressurized steam to the LIF
module, which will be decontaminated by hand. Rinseate will be collected in 55-gallon
drums. USACE personnel will arrange for final disposal of the containerized rinseate.
USACE personnel are responsible for sampling the contents of the drums to identify any
hazardous constituents before the drums are transported to an appropriate disposal
facility. Other downhole and sampling equipment will be decontaminated by steam

cleaning or by the procedures specified in Section 3.3.2.1.

Potable water to be used in CPT equipment cleaning, decontamination, or grouting
will be obtained from one of the Base water supplies. Water use approval will be verified

by contacting the appropriate facility personnel. The field scientist will make the final
3-13
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determination as to the suitability of site water for these activities. Precautions will be
taken to minimize any impact on the surrounding area that might result from

decontamination operations.

3.2 PERMANENT MONITORING POINT INSTALLATION

To further characterize the hydrogeologic conditions of the shallow subsurface, up to
12 groundwéter monitoring points may be installed at the site to supplement the existing
site monitoring wells. The following sections describe the proposed monitoring point
locations and completion intervals, monitoring point installation, monitoring point

development, and equipment decontamination procedures.

3.2.1 Monitoring Point Locations and Completion Intervais

The locations of 12 proposed groundwater monitoring points are identified for the BX
Shoppette site on Figure 3.2. The proposed locations for the new monitoring points were
determined from a review of data gathered during previous site activities. Monitoring
point locations were selected to provide hydrogeologic data necessary for successful
implementation of the Bioplume II model and to monitor potential fuel hydrocarbon
migration from the site. Monitoring point locations were selected to define three aspects
of the site: 1) the areal extent of residual and mobile LNAPL contamination, 2) the
horizontal and vertical distribution of dissolved BTEX, and 3) the hydrogeology and
groundwater flow direction at the site. The proposed locations shown on Figure 3.2 may

be modified in the field as a result of encountered field conditions and acquired field data.

Several shallow monitoring points are proposed to define the areal extent of
contamination. Eight shallow monitoring points are proposed to be located east of the
site to define the lateral extent of the dissolved contaminant migration. At least two deep
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monitoring points will be located along the downgradient contaminant flow path to define
the vertical extent of BTEX compounds. Another deep point will be placed adjacent to
TW1105 to determine if any vertical migration of BTEX is occurring within the mobile
LNAPL source area. The final proposed point will be located downgradient of the site
near the intersection of the Arkansas and Third Street. Data from this monitoring point
will provide additional information on electron acceptor concentrations and define the

extent of the BTEX plume.

Screened intervals for shallow monitoring points will extend from approximately 1
foot above the water table to 2 feet below the water table. Deep points will be placed on
the basis of lithology, or approximately 10 feet below the next shallowest monitoring
point (in the absence of significant lithologic changes). All monitoring points will be
installed with 1 meter of screen. The proposed screened intervals of 1 meter will help
mitigate the dilution of water samples from potential vertical mixing of contaminated and
uncontaminated groundwater in the monitoring point casing, and will give important
information on the nature of vertical hydraulic gradients in the area. Adjustments of the
depth and length of the screened interval of the monitoring points may be necessary in
response to actual aquifer conditions and contaminant stratification identified during

LIF/CPT testing.

3.2.2 Monitoring Point Installation Procedures

This section describes the procedures to be used for installation of new groundwater
monitoring points. All new monitoring points will be constructed of 0.75-inch OD/0.5-
inch ID polyvinyl chloride (PVC) casing placed with a CPT pushrod using equipment

described in Section 3.1.
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3.2.2.1 Pre-Placement Activities

All necessary digging, drilling, and groundwater monitoring point installation permits
will be obtained prior to mobilizing to the field. In addition, all utility lines will be
located, and proposed drilling locations will be cleared prior to any intrusive activities.

Responsibilities for these permits and clearances are discussed in Section 3.1.1.

Water to be used in monitoring point installation and equipment cleaning will be
obtained from one of the Base water supplies. Water use approval will be verified by
contacting the appropriate facility personnel. The field scientist will make the final

determination as to the suitability of water for these activities.

3.2.2.2 Groundwater Monitoring Point Installation

3.2.2.2.1 Monitoring Point Materials Decontamination

Monitoring point completion materials will be inspected by the field scientist and
determined to be clean and acceptable prior to use. If not factory sealed, casing, screen,
and casing plugs and caps will be cleaned prior to use with a high-pressure, steam/hot-
water cleaner using approved water. Materials that cannot be cleaned to the satisfaction

of the field scientist will not be used.
3.2.2.2.2 Monitoring Point Screen and Casing

Groundwater monitoring points will be installed by attaching 0.75-inch OD/0.5-inch
ID PVC casing and screen to a sacrificial tip and threading the casing/screen through the
penetrometer pushrod. As the pushrod is pressed into the ground, new 0.75-inch OD/0.5-
inch ID PVC casing will be continuously attached until the desired depth is reached and a
fully cased monitoring point is created. Data collection devices such as CPT and LIF will
not be used during monitoring point placement; however, a CPT test will be performed at

3-16
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each monitoring point location prior to monitoring point placement in order to select

desired screen depths.

Monitoring point casing and screens will be constructed of flush-threaded, Schedule
40 PVC. The screens will be factory slotted with 0.01-inch openings. Casing joints will
not be glued. The PVC top cap for monitoring points completed at or below grade will

not be vented in order to minimize the potential for surface water entering the point.

The field scientist will verify and record the total depth of the monitoring point, the
lengths of all casing sections, and the depth to the top of all monitoring point completion
materials. All lengths and depths will be recorded to the nearest 0.1 foot. Monitoring
point construction details will be noted on a Monitoring Point Installation Record form

(Figure 3.4). This information will become part of the permanent field record for the site.

3.2,2.3 Above-Grade and At-Grade Well Completion

Each monitoring point will be completed with an at-grade protective cover. In areas
where pavement is present, the at-grade cover will be cemented in place using concrete
blended to the existing pavement; otherwise, a concrete pad will be installed around the
monitoring point. The concrete immediately surrounding the monitoring point will be
sloped gently away from the protective casing to facilitate runoff during precipitation

events.

3.2.2.4 Monitoring Point Development

New monitoring points will be developed prior to sampling. Development removes
sedimeﬁt from inside the monitoring point casing and flushes fines from the portion of

the formation adjacent to the monitoring point screen.
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MONITORING POINT INSTALLATION RECORD

JOB NAME __EAKER AIR FORCE BASE WELL NUMBER
JOB NUMBER _722450.15 INSTALLATION DATE LOCATION
DATUM ELEVATION GROUND SURFACE ELEVATION
DATUM FOR WATER LEVEL MEASUREMENT

SCREEN DIAMETER & MATERIAL SLOT SIZE
RISER DIAMETER & MATERIAL BOREHOLE DIAMETER
GRANULAR BACKFILL MATERIAL ES REPRESENTATIVE
DRILLING METHOD DRILLING CONTRACTOR

VENTED CAP
GROUND SURFACE —\ ; /CCOVER
r :' 1 -

"B
|« g
CONCRETE
THREADED COUPLING
LENGTH OF SOLID
RISER:
SOLID RISER TOTAL DEPTH
LENGTH OF OF MONITORING
SCREEN: POINT:
SCREEN = SCREEN SLOT
= SIZE: 0.01"
CAP =

LENGTH OF BACKFILLED
BOREHOLE:

BACKFILLED WITH:

FIGURE 3.4

NOT TO SCALE MONITORING POINT
INSTALLATION RECORD

BX Shoppstte
Intrinsic Remediation TS
FEET Eaker AFB, Arkansas

PARSONS :
ENGINEERING SCIENCE,INC.

I Denver, Colorado
_
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Monitoring point development will be accomplished using a peristaltic pump with
dedicated tubing provided by Parsons ES. The pump tubing will be regularly lowered to
the bottom of the monitoring point so that fines which have accumulated in the bottom

are agitated and removed from the monitoring point.

Development will be continued until a minimurn 10 casing volumes of water has been
removed from the monitoring point and until pH, temperature, specific conductivity, DO,
and water clarity (turbidity) stabilize. If the water remains turbid, monitoring point
development will continue until the turbidity of the water produced has been stable after

the removal of several casing volumes.

A monitoring point development record will be maintained for each point. The
monitoring point development record will be completed in the field by the field scientist.
Figure 3.5 is an example of the monitoring point development record. Development

records will include:

e Monitoring point number;

Date and time of development;

Development method;

Predevelopment water level and monitoring point depth;

Volume of water produced;

Description of water produced;

Postdevelopment water level and monitoring point depth; and

o Field analytical measurements, including pH and specific conductivity.
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1:\45015\workplanitext\s-3.doc

| 1
e
{




Job Number: 722450.15

Location Eaker AFB - BX Shoppette
Well Number

Page of

Job Name: AFCEE Natural Attenuation
by THMV Date
Measurement Datum

Pre-Development Information
Water Level:

Time (Start):

Total Depth of Well;

Water Characteristics

Color

Clear Cloudy

Odor: None

pH

Any Films or Immiscible Material

Weak Moderate Strong

Temperature(°F °C)

Interim Water Characteristics
Gallons Removed

Specific Conductance(uS/cm)

pH

Temperature { °F °C)

Specific Conductance(pS/cm)

Post-Development Information

Water Level:

Time (Finish);

Total Depth of Well:

Approximate Volume Removed:
Water Characteristics

Color,

Clear Cloudy

QOdor: None

pH

Any Films or Immiscible Material

Weak Moderate Strong

Temperature(°F °C)

Comments:

[Sources: USGS, 1972.

Specific Conductance(nS/cm)

FIGURE 3.5

MONITORING POINT
DEVELOPMENT RECORD

BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

PARSONS
ENGINEERING SCIENCE, INC.

Denver, Colorado
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Development waters from monitoring points will be collected in buckets at the site
because low volumes of purge water are expected. Samples of the development water
will be collected in 500- to 1,000-milliliter (mL}) plastic or glass jars that are capped with
foil and set at ambient temperatures for 15 minutes. A headspace reading of the
development water sample will be taken with an organic vapor meter (OVM).
Development water with a headspace reading less than 5 parts per million, volume
(ppmv) will be released on the ground surface at the site. Development waters with
organic vapor headspace feadings above 5 ppmv will be collected and transported to the

on-base landfarm for disposal.

3.2.2.5 Water Level Measurements

Water levels at existing monitoring wells and newly installed monitoring points will
be measured within a short time period so that the water level data are comparable. The
depth to water below the measurement datum will be measured to the nearest 0.01 foot

using an electric water level probe.

3.2.2.6 Monitoring Point Location and Datum Survey

The location and elevation of the new monitoring points will be surveyed soon after
point completion. The horizontal location will be measured relative to established Base
coordinates. Horizontal coordinates will be measured to the nearest 0.1 foot. The
elevation of the ground surface adjacent to the monitoring point casing and the
measurement datum elevatioh (top of PVC casing} will be measured relative to the USGS
msl datum. The ground surface elevation will be measured to the nearest 0.1 foot and the
measurement datum, outer casing, and surveyor's pin (if present) elevation will be

measured to the nearest 0.01 foot.
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3.2.3 Site Restoration

After monitoring point installation and sampling is complete, each site will be restored
around the finished monitoring point as closely as possible to its original condition. Both
clean and contaminated development waters and sampling purge waters will be stored in
55-gallon drums or buckets. Development water will be disposed of as specified in
Section 3.2.2.4. |

3.3 GROUNDWATER SAMPLING

This section describes the scope of work required for collection of groundwater quality
samples at existing groundwater monitoring wells, monitoring points, and well points.
This section also details grab-sampling using peristaltic pumps inserted into the probe
rods themselves to obtain single, discrete groundwater samples, if required. All
groundwater samples will be obtained using a peristaltic pump and dedicated high-
density polyethylene tubing (HDPE) where groundwater levels permit. In order to
maintain a high degree of QC during this sampling event, the procedures described in the

following sections will be followed.

Sampling will be conducted by qualified scientists and technicians trained in the
conduct of groundwater sampling, records documentation, and chain-of-custody
procedures. In addition, sampling personnel will have thoroughly reviewed this work
plan prior to sample acquisition and will have a copy of the work plan available on site

for reference.

The following list summarizes the activities that will occur during groundwater
sampling:

e Assembly and preparation of equipment and supplies;
3-22
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e Inspection of the monitoring well or monitoring point integrity including:

Protective cover, cap, and lock,

External surface seal and pad,

Monitoring point ca, and datum reference, and

Internal surface seal;
» Groundwater sampling, including

Water level and product thickness measurements,

Visual inspection of sample water,

Monitoring peint casing evacuation, and

Sample collection;

e Sample preservation and shipment, including
- Sample preparation,
- Onsite measurement of physical parameters, and
- Sample labeling;

e Completion of sampling records: and

e Sample disposition.

Detailed groundwater sampling and sample handling procedures are presented in

following sections.
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3.3.1 Groundwater Sampling Strategy

Groundwater samples will be collected from previously installed monitoring wells and
from monitoring points installed during this project. The existing wells and proposed

monitoring point locations for sampling are identified in the following sections.

With the exception of wells TW1114 and TW1115, existing monitoring wells
TW1101 through MW1128 will be sampled. At monitoring wells MW1124, MW1125,
MW1126, MW1127, and MW1128, groundwater samples will be collected from the
medium-grained sand unit located approximately 26 feet bgs. Shallow groundwater
samples will be collected from the remaining wells. In addition, samples will be

collected from the newly installed monitoring points.

3.3.2 Preparation for Sampling

All equipment to be used for sampling will be assembled and properly cleaned and
calibrated (if required) prior to arriving in the field. In addition, all record-keeping

materials will be gathered prior to leaving the office.

3.3.2.1 Equipment Cleaning

All portions of sampling and test equipment that will contact the sample matrix will be
thoroughly cleaned before each use. This includes the CPT rods, water level probe and
cable, lifting line, test equipment for onsite use, and other equipment or portions thereof
that will contact the samples, Based on the types of sample analyses to be conducted, the

following cleaning protocol will be used:

e Wash with potable water and phosphate-free laboratory detergent (HP-II detergent

solutions, as appropriate);

e Rinse with potable water;
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¢ Rinse with distilled or deionized water;
e Rinse with isopropyl alcohol; and,
e Air dry the equipment prior to use.

Any deviations from these procedures will be documented in the field scientist's field

notebook and on the Groundwater Sampling Record (Figure 3.6).

If precleaned disposabie sampling equipment is used, the cleaning protocol specified
above will not be required. Laboratory-supplied sample containers will be cleaned and
sealed by the laboratory. The type of container provided and the method of container
decontamination will be documented in the laboratory’s permanent record of the

sampling event.

3.3.2.2 Equipment Calibration

As required, field analytical equipment will be calibrated according to the
manufacturers’ specifications prior to field use. This applies to equipment used for onsite
measurements of oxygen, carbon dioxide, pH, electrical conductivity, temperature,
alkalinity, reduction/oxidation potential, sulfate, sulfide, nitrate, nitrite, ferrous iron

(Fe2+), total iron, ferric iron [Fe3+ = (total iron) - Fe2+], and manganese.

3.3.3 Sampling Procedures

Special care will be taken to prevent contamination of the groundwater and extracted
samples. The two primary ways in which sample contamination can occur are through
contact with improperly cleaned equipment and through cross-contamination due to
insufficient cleaning of equipment between wells and monitoring points. To prevent such

contamination, the water level probe and cable used to determine static water levels and
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SAMPLING LOCATION Eaker AFB - BX Shoppette
SAMPLING DATE(S)

GROUND WATER SAMFPLING RECORD - MONITORING WELL

. {number)
REASON FOR SAMPLING: [ ] Regular Sampling; [ ] Special Sampling;
DATE AND TIME OF SAMPLING: , 1996 am/p.m,
SAMPLE COLLECTED BY: THWMV of
WEATHER:
DATUM FOR WATER DEPTH MEASUREMENT (Describe):

MONITORING WELL CONDITION:
[ ] LOCKED: [ ] UNLOCKED
WELL NUMBER (IS - IS NOT) APPARENT
STEEL CASING CONDITION IS:
INNER PVC CASING CONDITION IS:
WATER DEPTH MEASUREMENT DATUM (IS - IS NOT) APPARENT
{ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR
[ ] MONITORING WELL REQUIRED REPAIR (describe);

Check-off
1{1 EQUIPMENT CLEANED BEFORE USE WITH
Items Cleaned (List):

211 PRODUCT DEFTH FT. BELOW DATUM
Measured with:

WATER DEPTH FT. BELOW DATUM
Measured with:

3[] WATER-CONDITION BEFORE WELL EVACUATION (Describe):
Appearance:
Odor;
Other Comments:;

4[] WELL EVACUATION:
Method:
Volume Removed:
Observations:  Water (slightly - very) cloudy
Water level (rose - fell - no change)
Water odors:
Other comments:

FIGURE 3.6

GROUNDWATER
SAMPLING RECORD

BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

PARSONS
ENGINEERING SCIENCE, INC.

Denver,-Colorado
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501

611

701

8(1

3]

0[]

Monitoring Well No. (Cont'd)
SAMPLE EXTRACTION METHOD:
{ 1 Bailer made of:
[ ] Pump, type:_
[ ] Other, describe:
Sample obtained is [ ] GRAB; [ ] COMPOSITE SAMPLE
ON-SITE MEASUREMENTS:
Temp: ° Measured with:
pH: Measured with:
Conductivity: Measured with:
Dissolved Oxygen: Measured with:
Redox Potential: Measured with:
Salinity: Measured with;
Nitrate: Measured with;
Sulfate: Measured with;
Ferrous Iron: Measured with:
Other:
SAMPLE CONTAINERS (material, number, size):
QN-SITE SAMPLE TREATMENT:
[1] Filtration: Method Containers:
Method Containers:
Method Containers;
[1 Preservatives added:
Method, Containers:
Method, Containers;
Method Containers:
Method Containers;
CONTAINER. HANDLING:
[ ] Container Sides Labeled
(] Container Lids Taped
[ 1 Containers Placed in Ice Chest
OTHER COMMENTS:
FIGURE 3.6 (Concluded)
GROUNDWATER
SAMPLING RECORD
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

PARSDONS
ENGINEERING SCIENCE, INC.

Denver, Ceolorado
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total well depths will be thoroughly cleaned before and after field use and between uses at
different sampling locations according to the procedures presented in Section 3.3.2.1. In
addition to the use of properly cleaned equipment, dedicated HDPE tubing will be used at
each sampling point, and a clean pair of new, disposable nitrile or latex gloves wiil be
worn each time a different well or monitoring point is sampled. The following
paragraphs present the procedures to be followed for groundwater sample collection from
groundwater monitoring wells and monitoring points. These activities will be performed
in the order presented below. Exceptions to this procedure will be noted in the sampler's

field notebook and the groundwater sampling form.

3.3.3.1 Preparation of Location

Prior to starting the sampling procedure, the area around the existing wells and new
monitoring points will be cleared of foreign materials, such as brush, rocks, and debris.
These procedures will prevent sampling equipment from inadvertently contacting debris

around the monitoring well/point.

3.3.3.2 Water Level and Total Depth Measurements

Prior to removing any water from the monitoring well or monitoring point, the static
water level will be measured. An electric water level probe will be used to measure the
depth to groundwater below the datum to the nearest 0.01 foot. After measuring the static
water level, the water level probe will be slowly lowered to the bottom of the monitoring
well/point, and the depth will be measured to the nearest 0.01 foot. Based on these
measurements, the volume of water to be purged from the monitoring well/point will be
calculated. If mobile LNAPL is encountered, the thickness of the LNAPL layer will be

measured.
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3.3.3.3 Purging Before Sampling

The volume of water contained within the monitoring well/monitoring point casing at
the time of sampling will be calculated, and three times the calculated volume will be
removed from the well/monitoring point. Clean and contaminated purge waters will be
stored in 55-gallon drums or buckets. Water with a headspace reading less than 5 ppmv
will be redistributed on the ground surface at the site. Water with headspace readings

above 5 ppmv will be collected and transported to the on-Base landfarm for disposal

If a monitoring well/monitoring point is evacuated to a dry state during purging, the
monitoring well/monitoring point will be allowed to recharge, and the sample will be
collected as soon as sufficient water is present in the monitoring well or monitoring point
to obtain the necessary sample quantity. Sample compositing or sampling over a lengthy
period by accumulating small volumes of water at different times to obtain a sample of

sufficient volume will not be allowed.

3.3.3.4 Sample Extraction

HDPE tubing and a peristaltic pump will be used to extract groundwater samples from
the monitoring wells and well points. The tubing will be lowered through the well and
0.75-inch-outside diameter PVC monitoring point casing into the water gently to prevent
splashing. The sample will be transferred directly into the appropriate sample container.
The water will be carefully poured down the inner walls of the sample bottle to minimize

aeration of the sample.
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Unless other instructions are given by the analytical laboratory, sample containers
will be completely filled so that no air space remains in the container. Excess water
collected during sampling will be placed into 55-gallon drums used for monitoring
well/monitoring point purge waters and transported for disposal by Base personnel to

the on-Base facilities

3.3.4 Onsite Groundwater Parameter Measurement

As indicated on Table 3.1, many of the groundwater chemical parameters will be
measured onsite by Parsons ES personnel. Some of the measurements will be made with

direct-reading meters, while others will be made using of a Hach® portable colorimeter

in accordance with specific Hach® analytical procedures. These procedures will be

described in the following subsections.

All glassware or plasticware used in the analyses will have been cleaned prior to
sample collection by thoroughly washing with a solution of Alconox® and water, and
rinsing with deionized water and ethanol to prevent interference or cross contamination
between measurements. If concentrations of an analyte are above the range detectable by
the titrimetric method, the analysis will be repeated by diluting the groundwater sample
with double-distilled water until the ahalyte concentration falls to a level within the range
of the method. All rinseate and sample reagents accumulated during groundwater
analysis will be collected in glass containers fitted with screw caps. These waste
containers will be clearly labeled as to their contents and carefully stored for later transfer

by Base personnel to the approved disposal facility.

3.3.4.1 Dissolved Oxygen (DO) Measurements

DO measurements will be made using a meter with a downhole oxygen sensor or a
sensor in a flow-through cell. Measurements will be taken before and immediately
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following groundwater sample acquisition. When DO measurements are taken in
monitoring wells/points that have not yet been sampled, the existing monitoring
wells/points will be purged until DO levels stabilize. DO measurements wil{ be recorded

on the groundwater sampling record (Figure 3.6)

3.3.4.2 pH, Temperature, and Specific Conductance

Because the pH, temperature, and specific conductance of a groundwater sample can
change significantly within a short time following sample acquisition, these parameters
will be measured in the field in unfiltered, unpreserved, "fresh" water collected by the
same technique as the samples taken for laboratory analyses. The measurements will be
made in a clean glass container separate from those intended for laboratory analysis, and

the measured values will be recorded in the groundwater sampling record (Figure 3.6).

3.3.4.3 Carbon Dioxide Measurements

Carbon dioxide (CO,) concentrations in groundwater will be measured in the field by
experienced Parsons ES scientists via titrimetric analysis using CHEMetrics Method
4500 (0 to 250 mg/L as CO,). Sample preparation and disposal procedures are the same

as outlined at the beginning of Section 3.3.4.

3.3.4.4 Alkalinity Measurements

Alkalinity in groundwater helps buffer the groundwater system against acids generated
through both aerobic and anaerobic biodegradation processes. Alkalinity of the
groundwater sample will be measured in the field by experienced Parsons ES scientists
via titrimetric analysis using USEPA-approved Hach® Method 8221 (0 to 5,000 mg/L as

calcium carbonate).
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3.3.4.5 Nitrate- and Nitrite-Nitrogen Measurements

Nitrate-nitrogen concentrations are of interest because nitrate can act as an electron
acceptor during hydrocarbon biodegradation under anaerobic scil or groundwater
conditions.  Nitrate-nitrogen is also a potential nitrogen source for hydrocarbon-
degrading bacteria biomass formation. Nitrite-nitrogen is an intermediate byproduct in

both ammonia nitrification and in nitrate reduction in anaerobic environments.

Nitrate- and nitrite-nitrogen concentrations in groundwater will be measured in the
field by experienced Parsons ES scientists via colorimetric analysis using a Hach®
DR/700 Portable Colorimeter. Nitrate concentrations in groundwater samples will be
analyzed after preparation with Hach® Method 8039 (0 to 30.0 mg/L nitrate). Nitrite
concentrations in groundwater samples will be analyzed after preparation with USEPA-

approved Hach® Method 8507 (0 to 0.35 mg/L nitrite).

3.3.4.6 Sulfate and Sulfide Sulfur Measurements

Sulfate in groundwater is a potential electron acceptor for fuel-hydrocarbon
biodegradation in anaerobic environmeﬁts, and sulfide is resultant after sulfate reduction.
The Parsons ES scientist will measure sulfate and sulfide concentrations via colorimetric
analysis with a Hach® DR/700 Portable Colorimeter after appropriate sample preparation.
EPA-approved Hach® Methods 8051 (0 to 70.0 mg/L sulfate) and 8131 (0.60 mg/L
sulfide} will be used to prepare samples and analyze sulfate and sulfide concentrations,

respectively.

3.3.4.7 Total Iron, Ferrous Iron, and Ferric Iron Measurements

Iron is an important trace nutrient for bacterial growth, and different states of iron can
affect the oxidation/reduction potential of the groundwater and act as an electron acceptor
for biological metabolism under anaerobic conditions. Iron concentrations will be
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measured in the field via colorimetric analysis with a Hach® DR/700 Portable
Colorimeter after appropriate sample preparation. Hach® Method 8008 for total soluble
iron (0 to 3.0 mg/L ferric + ferrous iron) and Hach® Method 8146 for ferrous iron (0 to
3.0 mg/L) will be used to prepare and quantitate the samples. Ferric iron will be

quantitated by subtracting ferrous iron levels from total iron levels.

3.3.4.8 Manganese Measurements

Manganese is a potential electron acceptor under anaerobic environments. Manganese
concentrations will be quantitated in the field using colorimetric analysis with a Hach®
DR/700 Portable Colorimeter. EPA-approved Hach® Method 8034 (0 to 20.0 mg/L) will
be used to prepare the samples for quantitation of manganese concentrations. Sample

preparation and disposal procedures are outlined earlier in Section 3.3.4.

3.3.4.9 Reduction/Oxidation Potential

The reduction/oxidation (redox) potential of groundwater is an indicator of the relative
tendency of a solution to accept or transfer electrons. Redox reactions in groundwater are
usually biologically mediated; therefore, the redox potential of a groundwater system
depends upon and influences rates of biodegradation. Redox potential can be used to
provide real time data on the location of the contaminant plume, especially in areas
undergoing anaerobic biodegradation. The redox potential of a groundwater sample taken
inside the contaminant plume should have a redox potential somewhat less than that taken

in the upgradient location.

The redox potential of a groundwater sample can change significantly within a short
time following sample acquisition and éxposure to atmospheric oxygen. As a result, this
parameter will be measured in the field in unfiltered, unpreserved, "fresh" water collected
by the same technique as the samples taken for laboratory analyses. The measurements
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will be made as quickly as possible in a clean glass container separate from those

intended for laboratory analysis.

3.3.5 Handling of Samples for Laboratory Analysis

This section describes the procedures for sample handling from the time of sampling

until the samples arrive at the laboratory.

3.3.5.1 Sample Preservation

The analytical laborafory support personne! will add any necessary chemical
preservatives prior to shipping the containers to the site. Samples will be prepared for
transportation to the analytical laboratory by placing the samples in a cooler containing
ice to maintain a shipping temperature of approximately 4 degrees centigrade (°C).
Samples will be delivered to the analytical laboratory via overnight courier so that all

sample holding times are met.

3.3.5.2 Sample Container and Labels

Sample containers and appropriate container lids will be provided by the analytical
laboratory (see Appendix A). The sample containers will be filled as described in Section
3.3.3.2.4, and the container lids will be tightly closed. The sample label will be firmly
attached to the container side, and the following information will be legibly and indelibly

written on the label:
° Facility name;
° Sample identification;
. Sample type (e.g., groundwater);

o Sampling date; _
3-34

1:4501 5\workptanitextis-3.doc




Sampling time;

Preservatives added;

Sample collector’s initials; and

. Requested analyses.
3.3.5.3 Sample Shipment

After the samples are éealed and labeled, they will be packaged for transport to the
mobile laboratory. The following packaging and labeling procedures will be followed:

° Package sample so that it will not leak, spill, or vaporize from its

container;
. Cushion samples to avoid breakage; and
J Add ice to container to keep samples cool.

The packaged samples will be delivered by overnight courier to the analytical

laboratory. Delivery will occur as soon as possible after sample acquisition.

3.3.5.4 Chain-of-Custody Control

After the samples have been collected, chain-of-custody procedures will be followed
to establish a written record of sample handling and movement between the sampling site
and the analytical laboratory. Each shipping container will have a chain-of-custody form
completed in triplicate by the sampling personnel. One copy of this form will be kept by
the sampling contractor after sample delivery to the analytical laboratory, and the other

two copies will be retained at the laboratory. One of the laboratory copies will become a
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part of the permanent record for the sample and will be returned with the sample

analytical results. The chain-of-custody will contain the following information:

Sample identification number;

Sample collectors’ printed names and signatures;

Date and time of collection;

Place and éddress of collection;

Sample matrix;

Chemical preservatives added;

Analyses requested;

Signatures of individuals involved in the chain of possession; and

Inclusive dates of possession

The chain-of custody documentation will be placed inside the shipping container so

that it will be immediately apparent to the laboratory personnel receiving the container,

but will not be damaged or lost during transport. The shipping container will be sealed so

that it will be obvious if the seal has been tampered with or broken.

3.3.5.5 Sampling Records

In order to provide complete documentation of the sampling event, detailed records

will be maintained by the field scientist. At a minimum, these records will include the

following information:
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. Sample location (facility name);

° Sample identification;

. Sample location map or detailed sketch;
. Date and time of sampling;

. Sampling method,
. Field observations of

- Sample appearance, and

- Sample odor;

. Weather conditions;

) Water level prior to purging;

. Total monitoring well/monitoring point depth;
e - Purge volume;

° Water level after purging;

J Monitoring well/point condition;
. Sampler's identification;
. Field measurements of pH, temperature, DO, and

conductivity; and

U Any other relevant information.
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Groundwater sampling information will be recorded on a groundwater sampling form.

Figure 3.6 shows an example of the groundwater sampling record.

3.3.6 Laboratory Analyses

Laboratory analyses will be performed on all groundwater samples and the QA/QC
samples described in Section 5. The analytical methods for this sampling event are listed
in Table 3.1. Prior to sampling, arrangements will be made with the analytical laboratory
to provide a sufficient number of appropriate sample containers for the samples to be
collected. All containers, preservatives, and shipping requirements will be consistent

with USEPA protocol or those reported in Appendix A of this plan.

Analytical laboratory support personnel will specify the necessary QC samples and
prepare appropriate QC sample bottles. For samples requiring chemical preservation,
preservatives will be added to containers by the laboratory prior to delivery to the site.
Containers, ice chests with adequate padding, and cooling media may be sent by the
laboratory to the site. Sampling personnel will fill the sample containers and return the

samples to the laboratory.

3.4 AQUIFER TESTING

Aquifer Slug tests will be conducted on selected existing wells to estimate the
hydraulic conductivity of unconsolidated sand and clay deposits at the site. This
information is required to accurately estimate the velocity of groundwater and
contaminants in the shallow saturated zone. A slug test is a single-well hydraulic test
used to determine the hydraulic conductivity of an aquifer in the immediate vicinity of
the tested well. Slug tests can be used for both confined and unconfined aquifers that

have a transmissivity of less than 7,000 square feet per day (ft?/day). Slug testing can be
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performed using either a rising head or a falling head test; at this site, both methods will

be used in sequence.

34.1

Definitions

Hydraulic Conductivity (K). A quantitative measure of the ability of porous
material to transmit water; defined as the volume of water that will flow through a

unit cross-sectional area of porous or fractured material per unit time under a unit

hydraulic gradient. |

Transmissivity (T). A quantitative measure of the ability of an aquifer to transmit

water. It is the product of the hydraulic conductivity and the saturated thickness.

Slug Test. Two types of testing are possible: rising head and falling head tests. A
slug test consists of adding a slug of water or a solid cylinder of known volume to
the well to be tested or removing a known volume of water or cylinder and
measuring the rate of recovery of water level inside the well. The slug of a known

volume acts to raise or lower the water level in the well.

Rising Head Test. A test used in an individual well within the saturated zone to
estimate the hydraulic conductivity of the surrounding formation by lowering the
water level in the well and measuring the rate of recovery of the water level. The.
water level may be lowered by pumping, bailing, or removing a submerged slug

from the well.

Falling Head Test. A test used in an individual well to estimate the hydraulic
conductivity of the surrounding formation by raising the water level in the well by
insertion of a slug or quantity of water, and then measuring the rate of drop in the

water level.
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3.4.2 Equipment

The following equipment will be used to conduct a slug test:

Teflon®, PVC, or metal slugs;

e Nylon or polypropylene rope;

e Electric water level indicator;

e Pressure transducer/sensor;

e Field logbook/forms; and

e Automatic data recording instrument (such as the Hermit Environmental Data
Logger®, In-Situ, Inc. Model SE1000B, or equivalent).

3.4.3 General Test Methods

Aquifer hydraulic conductivity tests (slug tests) are accomplished by either removal of
a slug or quantity of water (rising head)} or introduction of a slug (falling head), and then
allowing the water level to stabilize while taking water level measurements at closely

spaced time intervals.

Because hydraulic testing will be completed on existing wells, it will be assumed that
the wells were properly developed and that water levels have stabilized. Slug testing will
proceed only after multiple submerged pressure transducer measurements over time show
that static water levels are in equilibrium. During the slug test, the water level change
should be influenced only by the introduction (or removal) of the slug volume. Other
factors, such as inadequate well development or extended pumping may lead to
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inaccurate results; slug tests will not be performed on wells with free product. The field
scientist will determine when staﬁc equilibrium has been reached in the well. The_
pressure transducer, slugs, and any other downhole equipment will be decontaminated
prior to and immediately after the performance of each slug test using the procedures

described in Section 3.3.2.1.
3.4.4 Falling Head Test

The falling head test is the first step in the two-step slug-testing procedure. The
following steps describe procedures to be followed during performance of the falling

head test.
1. Decontaminate all downhole equipment prior to initiating the test.

2. Open the well. Where wells are equipped with water-tight caps, the well should
be unsealed at least 24 hours prior to testing to allow the water level to stabilize.

The protective casing will remain locked during this time to prevent vandalism.
3. Prepare the Aquifer Slug Test Data Form (Figure 3.7) with entries for:

) Borehole/well number,

. Project number,
. Project name,
° Aquifer testing team,

. Climatic data,

e  Ground surface elevation,
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Location - Client_ AFCEE . Weil No, _
Job No. __722450.15 Field Scientist _ MWTH Date )
Water Level Total Well !
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Measuring Datum Elevation of Datum

Weather Temp ;
Comments !
!
i
Initial Ending :

Beginning | Ending Head Head Test Type | File Name Comments

Time Time Reading Reading | (Rise/Fall)
i
FIGURE 3.7
AQUIFER TEST
DATA FORM
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas
PARSONS
ENGINEERING SCIENCE, INC.
Denver, Colorado
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. Top of well casing elevation,

. Identification of measuring equipment being used,
° Page number,

) Static water level, and

. Date.

Measure the static water level in the well to the nearest 0.01 foot.

Lower the decontaminated pressure transducer into the well and allow the
displaced water to return to its static level. This can be determined by periodic
water level measurements untif the static water level in the well is within 0.01 foot
of the original static water level or the submerged pressure-transducer indicates no

pressure changes (indicating equilibrium).

Lower the decontaminated slug into the well to just above the water level in the

well.

Turn on the data logger and quickly lower the slug below the water table, being
careful not to disturb the pressure transducer. Follow the owner’s manual for

proper operation of the data logger.

Terminate data recording when the water level stabilizes in the well. The well
will be considered stabilized for termination purposes when it has recovered 80 to

90 percent from the initial slug.
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3.4.5 Rising Head Test

After completion of the falling head test, the rising head test will be performed. The

following steps describe the rising-head slug test procedure.

1. Measure the water level in the well to the nearest 0.01 foot to ensure that it has

returned to the static water level.

2. Initiate data recording and quickly withdraw the slug from the well. Follow the

owner’s manual for proper operation of the data logger.

3. Terminate data recording when the water level stabilizes in the well, and remove
the pressure transducer from the well and decontaminate. The well will be
considered stabilized for termination purposes when it has recovered 80 to 90

percent from the initial slug.
3.4.6 Slug Test Data Analysis

Data obtained during slug testing will be analyzed using AQTESOLV™ and the
method of Hvorslev (1951) for confined aquifers or the method of Bouwer and Rice
(1976) and Bouwer (1989) for unconfined conditions.
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SECTION 4

REMEDIAL OPTION EVALUATION AND TS REPORT

Upon completion of field work, numerical and analytical groundwater models will be
used to determine the fate and transport of fuel hydrocarbons dissolved in groundwater at
the site. Based upon model predictions of contaminant concentration and distribution
through time, and upon potential receptor exposure pathways, the potential risk to human
health and the environment will be assessed. If it is shown that intrinsic remediation of
BTEX compounds at the sites is sufficient to reduce the potential risk to human health
and the environment to acceptable levels, Parsons ES will recommend implementation of
the intrinsic remediation option. If intrinsic remediation is chosen, Parsons ES will
prepare site-specific, long-term monitoring plans that will specify the location of point-

of-compliance monitoring wells and sampling frequencies.

If the intrinsic remediation remedial option is deemed inappropriate for use at this site,
institutional controls such as grouhdwater or land use restrictions will be evaluated to
determine if they will be sufficient to reduce the risk to human health and the
environment to acceptable levels. If institutional controls are inappropriate, remedial
options which could reduce risks to acceptable levels will be evaluated and the most
appropriate remedial options will be recommended. Potential remedial options include,
but are not limited to, mobile LNAPL recovery, groundwater pump-and-treat, enhanced

biological treatment, bioventing, air sparging, and in situ reactive barrier walls. The
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reduction in dissolved BTEX that should result from remedial activities will be used to
produce new input files for the groundwater models. The models will then be used to

predict the BTEX plume (and risk) reduction that should result from remedial actions.

Upon completion of modeling and remedial option selection, a TS report detailing the
results of the modeling and remedial option selection will be prepared. This report will
follow the outline presented in Table 4.1 and will contain an introduction, site
description, identification of remediation objectives, description of remediation
alternatives, an analysis of remediation alternatives, and the recommended remedial
approach for the site. This report will also contain the results of the site characterization

activities described herein and a description of the models developed for the site.

1:\4501 S\workplan\text\s-4.doc



TABLE 4.1
EXAMPLE TS REPORT OUTLINE
BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS

INTRODUCTION
Scope and Objectives
Site Background

SITE CHARACTERIZATION ACTIVITIES
Sampling and Aquifer Testing Procedures

PHYSICAL CHARACTERISTICS OF THE STUDY AREA
Surface Features
Regional Geology and Hydrogeology
Site Geology and Hydrogeology
Climatological Characteristics

NATURE AND EXTENT OF CONTAMINATION
Source Characterization
Soil Chemistry
Residual Contamination
Total Organic Carbon
Ground Water Chemistry
LNAPL Contamination
Dissolved Contamination
Ground Water Geochemistry
Expressed Assimilative Capacity

GROUND WATER MODEL
Model Description
Conceptual Model Design and Assumptions
Initial Model Setup
Model Calibration
Sensitivity Analysis
Model Results
Conclusions

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES
Remedial Alternative Evaluation Criteria
Long-Term Effectiveness
Implementability (Technical, Administrative)
Cost (Capital, Operating, Present Worth)
Factors Influencing Alternatives Development
Program Objectives
Contaminant Properties
Site-Specific Conditions
Brief Description of Remedial Alternatives
Intrinsic Remediation with Long-Term Monitoring

Other Alternatives
Evaluation of Alternatives
Recommended Remedial Approach
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TABLE 4.1 (Concluded)
EXAMPLE TS REPORT OUTLINE
BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS

LONG-TERM MONITORING PLAN
Overview
Monitoring Networks
Ground Water Sampling

CONCLUSIONS AND RECOMMENDATIONS

APPENDICES: Supporting Data and Documentation
Site-Specific Bioplume II Model Input and Results
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SECTION 5

QUALITY ASSURANCE/QUALITY CONTROL

Field QA/QC procedures will include collection of field replicates and duplicates and
rinseate, field and trip blanks; decontamination of all equipment that contacts the sample
medium before and after each use; use of analyte-appropriate containers; and chain-of-
custody procedures for sample handling and tracking. All samples to be transferred to the
analytical laboratory for analysis will be clearly labeled to indicate sample number,
location, matrix (e.g., groundwater), and analyses requested. Samples will be preserved
in accordance with the analytical methods to be used, and water sample containers will be

packaged in coolers with ice to maintain a temperature of as close to 4°C as possible.

All field sampling activities will be recorded in a bound, sequentially paginated field
notebook in permanent ink. All sample collection entries will include the date, time,
sample locations and numbers, notations of field observations, and the sampler's name
and signature. Field QC samples will be collected in accordance with the program

described below, and as summarized in Table 5.1.

QA/QC sampling will include collection and analysis of duplicate groundwater and
replicate soil samples, rinseate blanks, field/trip blanks, and matrix spike samples.
Internal laboratory QC analyses will involve the analysis of laboratory control samples
(LCSs) and laboratory method blanks (LMBs). QA/QC objectives for each of these

samples, blanks, and spikes are described below.
5-1
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TABLE 5.1
QA/QC SAMPLING PROGRAM
BX SHOPPETTE
INTRINSIC REMEDIATION TS
EAKER AFB, ARKANSAS

QA/QC Sample Types

Collection/Analysis

Analytical Methods

Duplicates/Replicates
Rinseate Blanks
Field Blanks
Trip Blanks
v Matrix Spike Samples
Laboratory Control Sample

Laboratory Method Blanks

3 Groundwater and 2 Soil Samples (10%)
1 Sample
1 Sample
One per shipping cooler containing VOC samples
Once per sampling event
Once per method per medivm

Once per method per medium

VOCs, TPH
VOCs
VOCs
YOCs
VOCs
Laboratory Control Charts (Method Specific)

Laboratory Control Charts (Method Specific)
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Only one rinseate sample will be collected at the site because dedicated tubing will
eliminate the potential for cross-contamination due to improper decontamination of
sampling tubing. Rinseate samples will consist of a sample of distilled water poured into
or pulled through decontaminated or new sampling equipment and subsequently
transferred into a sample container provided by the laboratory. Rinseate samples will be

analyzed for VOCs only.

A field blank will be collected to assess the effects of ambient conditions in the field.
The field blank will consist of a sample of distilled water poured into a laboratory-
supplied sample container while sampling activities are underway. The field blank will

be analyzed for VOCs.

A trip blank will be analyzed to assess the effects of ambient conditions on sampling
results during the transportation of samples. The trip blank will be prepared by the
laboratory. A trip blank will be transported inside each cooler which contains samples
for VOC analysis. Trip blanks will be analyzed for VOCs.

Matrix spikes will be prepared in the laboratory and used to establish matrix effects for
samples analyzed for VOCs. LCSs and 1. MBs also will be prepared internally by the
laboratory and will be analyzed each day that samples from the site are analyzed.
Samples will be reanalyzed in cases where the LCS or LMB are out of the control limits.
Control charts for LCSs and LMBs will be developed by the laboratory and monitored for
the analytical methods used.
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APPENDIX A

CONTAINERS, PRESERVATIVES, PACKAGING, AND SHIPPING

REQUIREMENTS FOR GROUNDWATER SAMPLES



hydrocarbons
(benzene,
toluene, ethyl-
benzene, and
xylene [BTEX],
trimethylbenzene
isomers)

chromatography (GC)
method SW8020

TABLE A.1
SAMPLE PACKAGING AND HANDLING REQUIREMENTS
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas
Recommended | Sample Volume, Field or
Frequency of | Sample Container, Fized-Base
Matrix Analysis Method/Reference Comments Data Use Annlysis Sample Preservation Laboratory
Soil Volatile organics | Gas chromatography/ Handbood method | Data is used to determine | Each sampling | Collect 100 g of soil in | Fixed-base
mass spectrometry the exient of chlorinated round a glass container with
method SW8240. solvent and aromatic Teflon®-lined cap; cool
hydmchbon contamination, to4°C
contamnant mass present,
and the need for source

Handbook
modified for field
extraction of soil
using methanol

ta is used to determine

the extent of soil
contamination, the
contaminant mass present,
and the need for source
removal

Callect

B
a glass container with
Teflon-lined cap; cool
0 4°C

APPA.DOC




TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

Recommended | Sample Volume, Field or
Frequency of | Sample Container, Fixed-Base
Matrix Analysis Method/Reference Comments Data Use Analysis Sample Preservation Laboratory

Soil Total organic 8W9060 modified for Procedure must be | Relatively high amounts of | At initiai Collect 100 g of soil in | Fixed-base

carbon (TOC) goil samples accurate over the TOC may be indicative of a | sampling a glass container with

: range of 0.5— reducing environment and Teflon-lined cap; cool

15 percent TOC may indicate the need for to 4°C

analysis of electron

acceptors associated with

that environment; the rate
of migration of petrolenm
contaminants in
groundwater is dependent
upon the amount of TOC in
the saturated zone soil; the
rate of release of petroleum
contaminants from the
source into groundwater is
dependent (in part) on the
amount of TOC in the
vadose zone soil

Soil | Grainsize ASTM D422 Procedure provides | Data are used to infer One time during | Collect 250 g of soil in | Fixed-base

distribution hydraulic conductivity of life of project a glass or plastic

aquifer, and are used in container; preservation
calculating sorption of is unnecessary
contaminants

Soil gas * | Carbon dioxid
-4 content of soil
gas:

PA.D




TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

Fuel hydrocarbon
vapor content of

soil gas

Total combustible
hydrocarbon meter

operating over a wide

Ppmy range

Data used to understand
the petroleum hydrocarbon
concentration gradient with
depth and to locate the
most heavily contaminated

Each sampling

N/A

Recommended | Sample Volume, Field or
Frequency of | Sample Container, Fixed-Base
Matrix Analysis Method/Reference Comments Data Use Analysis Sample Preservation Laboratory
Soil gas | Oxygen content | Electrochemical oxygen | The concentration Data are used to Each sampling | N/A Field
of soil gas meter operating over of soil gas oxygen is | understand the oxygen round
the range of 0 often related tothe | concentration pradient with
25 percent of oxygenin | amount of depth and to determine the
the soil gas sample biological activity, | presence or absence of
such as the aerobic degradation
degradation of processes
petroleum
hydrocarbons; soil
£as oxygen
concentrations may
decrease to the
point where
anaerobic pathways

APPA.DOC




TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS

BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

Recommended | Sample Volume, Field or

Frequency of | Sample Container, Fixed-Base
Matrix Anslysis Method/Reference Comments Data Use Analysis Sample Preservation | Laboratory

Water Ferrous (Fe*?) Colorimetric Alternate method, | Same as above Each sampling | Collect 100 ml. of Field
HACH Method # 8146 | field only round water in a glass

Water Colorimetric Colect 100 mL of water
in a plass conatiner

Water .|

‘Wa-ter o I Silver nitrate Same as above

Collect 100ml of water
7 in a glass container
Water
Water | Conductivity E120.1/SW9050, direct | Protocols/Handbook | General water quality Coliect 100-250 mL of | Field
reading meter methods parameter used as a marker water in a glass or
to verify that site samples plastic container
Water Alkahmty L ' HACH Alkalinity test :-

kit model AL AP MG-L




Sulfate (80,7)

for high range
method # 8192 for low

range

analyze within 6 hours

TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas
Recommended | Sample Volume, Field or
Frequency of | Sample Container, Fixed-Base
Matrix Analysis Method/Reference Comments Data Use Analysis Sample Preservation Laboratory
Water | Alkalinity A2320, titrimetric, Handbook method Same as above Each sampling Collect 250 mL of Field
E310.2, colorimetric round water in a glass or
plastic container,

IC method E300 or
method SW9056

Methed E300 is a
Handbook method,
method SW9056 is
an equivalent

Substrate for anaerobic
microbial respiration

in a glass container

Each sampling
round

Collect up to 40 mL of
water in a glass or
plastic container; cool
to 4°C

s anacrobic microbial water in a glass
respiration; analyze in container; analyze
conjunction with sulfate immediately
analysis

APPA.DOC




TABLE A.1Continued)
SAMPLE PACKAGING AND "TANDLING REQUIREMENTS

BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas
Recommended { Sample Volume, Field or
. Frequency of | Sample Container, Fixed-Base
Matrix Analysis Method/Reference Comments Data Use Analysis Sample Preservation Laboratory
Water Ethane, ethene RSKSOP-114 (cont’d) | Ethane and ethene Ethane and ethene are
are analyzed in products of the bio-
addition to the other | transformation of
analytes only if chlorinated hydrocarbons
chlorinated under anaerobic conditions,
hydrocarbons are The presence of these
contaminants chemicals may indicate that
suspected of anaerobic degradation is

occuITing




-------------------
TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas
Recommended | Sample Volume, Field or
Frequency of | Sample Container, Fixed-Base
Matrix Analysis Method/Reference Comments_‘ Data Use Analysis Sample Preservation Laboratory

0

hydrocarbons, [modified] reference is the reduction in concentrations | year or as collect water samples
volatile and California LUFT of total fuel hydrocarbons required by in a 40 mL VOA vial;
extractable manual (in addition to BTEX) due | regulations cool to 4°C; add

to natural attenuation; data hydrochloric acid to

also used to infer presence pH2

of an emulsion or surface Extractable

layer of petrolemmn in water hydrocarbons—collect

sample, as a result of 1L of water in a glass

sampling container;, cool to 4°C;

: add hydrochloric acid to

APPA.DOC




TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS

BX Shoppette
Intrinsic Remediation TS
- Eaker AFB, Arkansas
Recommended | Sample Volume, Field or
Frequency of | Sample Container, Fixed-Base
Matrix Analysis Metholeeference Comments llgta Use Analysis Sample Preservation Laboratory

Volatile Organics

pH

SW8240

E150.1/SW9040, direct

| Handbook method

Joosmgn.

‘Method of analysis for

chlorinated solvents and
aromatic hydrocarbons for
evaluation of cometabolic
degradation; measured for
regulatory compliance
when chlorinated solvents
are known site

Aerobic and anaerobic

round

t wat ples
in a 40 mL VOA v1al
cool to 4°C; add
hydrochloric acid to pH
2

Collect 100-250 mL of

Water Protocols/Handbook Each sampling
reading meter methods processes are pH-sensitive | round water in a glass or
plastic containet;
analyze immediately

Field

PA.D




TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

than 200 mV to less
than -400 mV

Recommended | Sample Volume, Field or
Frequency of | Sample Container, Fixed-Base
Matrix Method/Reference Comments Data Use Analysis Sample Preservati Laborato
Water Redox potential A2580B Measurements The redox potential of Each sampling | Collect 100250 mL of | Field
are made with groundwater influences and | round water in a glass
electrodes; results is influenced by the nature container, filling
are displayed on a of the biologically container from bottom;
meter; samples mediated degradation of analyze immediately
should be protected { contaminants; the redox
from exposure to potential of groundwater
atmospheric oxygen | may range from more

APPA.DOC




10.

TABLE A.1Continued)
SAMPLE PACKAGING AND HANDLING REQUIREMENTS
BX Shoppette
Intrinsic Remediation TS
Eaker AFB, Arkansas

NOTES:
"HACH" refers to the HACH Company catalog, 1990.

"A" refers to Standard Methods for the Examination of Water and Wastewater,
18th edition, 1992.

"E" refers to Methods for Chemical Analysis of Water and Wastes, U.S. Environmental
Protection Agency, March 1979.

*Protocols" refers to the AFCEE Environmental Chemistry Function Installation
Restoration Program Analytical Protocols, 11 June 1992,

"Handbook" refers to the AFCEE Handbook to Support the Installation Restoration Program
(IRP) Remedial Investigations and Feasibility Studies (RI/FS), September 1993.

"SW" refers to the Test Methods for Evaluating Solid Waste, Physical, and Chemical
Methods, SW-846, U.S. Environmental Protection Agency, 3rd edition, 1986,

"ASTM" refers to the American Society for Testing and Materials, current edition.

"RSKSOP" refers to Robert S. Kerr (Environmental Protection Agency Laboratory) Standard
Operating Procedure.

"LUFT" refers to the state of California Leaking Underground Fuel Tank Field Manual,
1988 edition. _

International Journal of Environmental Analytical Chemistry, Volume 36, pp. 249-257,
"Dissolved Oxygen and Methane in Water by a Gas Chromatography Headspace Equilibration
Technique," by D. H. Kampbell, J. T. Wilson, and S. A. Vandegrift.

APPA.DOC
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APPENDIX B - 1A
SOIL BOREHOLE LOGS
BX SHOPPETTE

Source: Halliburton NUS 1992, 1994, and 1995.
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Ty e ~_

DEVELOPHMENT:
s—

55,;:7.““ /ganouuo SURFACE (] Tamk TRUCK.
1]

GALLONS

] CHRISTY 80X

{J LOCKING STEEL COVER

- o INCH DIAMETER
u STEEL CONDUCTOR
CASING

— {0

P s INCH DIAMETER
BOREHOLE

ot=——{"] BENTONITE-CEMENT
SEAL OR

. STORM SEWERS CJSTORAGE TANK™.
< CoRums Ootuen —
OEPTH YO WATER
AFTER DEVELOPMENT: FEET
MATERIALS USED
—2...—5; SACKS OF 5 g re ~ SAND
SACKS OF CEMENT

GALLONS OF GROUT USED

SACKS OFf POWDERED BENTONITE

— 927 __ POUNDS OF BENTONITE PELLETS
—LS__ FEET OF.Z-__ INCH PVC BLANK CASING

YARD? CEMENT-SANO (REDI-MIX) USED
CONCRETE PUMPER USED? Qno QQves
NAME

WELL COVER USED: [JLOCKING STEEL COVER
OcwrisTY BOX
OoTuen

'y

e St

] 8.SACK CEMENTSAND
SEAL -

TOP OF CASING AT

+/ FEET ABOVE AT
SELOW GROUND LEVEL
t——G Y iNCH DIAMETER

BORENOLE
_f)_ :a-& lan
20

e | NCH DIAMETER
SCHEDULE 40 PVC
BLANK CASIN

24 1 2L tem

] BENTONITE-CCMENT

SEAL OR

S g:acx CEMENT.SAND
AL

BENTONITE PELLET
SEAL

_L......" *.c_../‘; L1

NAE | {I-U-.I.- [

SAND PACK

J.Lw.&loﬂ

e _ 2 INCH DIAME TER
3LOTTED {_C -0 /0

i nene SCREEN

252 10 251 taer

e L INCH DIAME TER
SCHEDULE 40 PVC
BLANK SILT

220 ! “____9‘) feny

SOTTOM WELL CAP
14 feme

- HOLEG CLEANED OUT TO
l)_ L

HOLE

ADDITIONAL INFORMATION:

Wie ABANDE.SEDd [ § [y
Ll ¥




i CORPORATION
FIELD WELL COMPLETION FORM BEnmisTy sox |
l- 0 LOCXING STEEL cOvEP
Pl-1 }
[ =
LAY E—— TP s
08 . 2Kk98 MANAGER: 5 V5 CASING f
LOGGED TDITED — ——lt L leet
av: 3 EN ar: AN . _ )
wELL DATR: . P __— _INC DIAMETER
NAME: T\ 1] _04{ }Z -tf -Gt BOREMOLE
o:::;u::s A W, PooL — 10 e Foy
[4 & t . »
: OmILLER {J BENTONITE.CEMENT
COUITNERT B LY INCH MOLLOW STEM AUGER Y. 2186 224 SEAL OR
“ouUNS 3 8.5ACK CEMENT&ANO l
| INCH ROTARY WASH omILLED: SEA
——— 10 e Jawt
3::3%%:?:0';:'1:“..- ripnat GALLDNS _
E T [ [— _
A el D P 10 orcasmcar |
T v Y
DEVELOPMENT <. pevELO=menT - FOmAn_ GROUND LEVEL
: “,
‘:?#{:f:-?.:-n e r— %52k INCH DIAMETER l _
2::f£° D'n‘:f.l.lf TIME: / L s -&lm
rIELD: Timg: HOATE: 1 a .
- INCH DIAMETER
}"‘ FROM o 2] SCHEDULE 40 PvC '
YiELD: arm }l-m o / oarve: BLANK CASING
YIZLD: TIME s OATE: Q_L 10 %7 teue
p— ool L i X senTonitecoment
FITLD: TImE: \/ DATE: SEAL Oﬂ
GPM |FROM To {3 a-Esu:x CEMENT-SAND
SEAL
SISSUTASIEENE T N\ GALLONS 1D oS,
arTunmoiry o~ QcLean OsLiGHTLY cLouoy 3 eENTONITE PELLET |
5 u - SEAL
OEVELOFMENT:
P CmoD. TURSBID O veRY mupoY /0 w0l reer
v’ Ny ol _Coesane o wfye |
3 — AND PACK
oiscranazp  LJGROUND SURFACE [JTAnk TRUCK p— f' c '
TO OSTORM SEWERS Osrorace nur\ — LZ 1020 teer
Oorums Qoruen il ™ | INCH DI AME TER
e — —-..
APTER DRV ELOmaErys FEET j=: i ‘t?"{’sscg éa 3
MATERIALS USED . — o TRy L A AT
’ tet—— _ 2= nCH DIAMETER '
—&eF . sacks oF _Sikice,  Grafy . SAND $CrenuLE carve
SACKS OF CEMENT | 240 7
LT GALLONSOF GROUT USED ( Pocizans TPE 1 =/ BeMTECTEY i aon?m WELL CAP l
——ea - SACKS OF POWDERED S8ENTONITE- ‘ ' v tm
——£2 __ POUNDS OF BENTONITE PELLETS -t Hoze CLEANED OUT TO
) —~L7 __ FEET OF 2" INCH PVC BLANK CASING 28t
.

AN U HEDI«Mle USED ADDITIONAL INFORM-ATIION:
CONCRETE PUMPER USED? h&o Oves
NAME

WELL COVER usso/\agomnc STEEL COVER ’

OcHRisTY sox
Oorxen
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FIELD WELL COMPLETION FORM

joe
MAME

0 cHRISTY 80X

(] LOCKING STEEL COVER

SOKEL 257
o8 ] PROJECT
- numezm:  IX58 MARAGER: G_VG
e ay B pe [oa
QATE;
NamE ENTwos 1202/ 97
2oL, Rol Drilling
t St T
COUIPNENT! DEYZ incH HOLLOW STEM AUGER | Y a7
a INCH ROTARY WASH omiLEn: o/

GALLONE OF WATER

USED DUNING DRILLING:

AOAT.

GALLONS

PRIOR TO DRILLING:

METHOD OF chﬂﬂflﬂlﬂafleh -‘/

DEVELOPMENT <gc L06BwL ., WAL ConThRwns PREE

. ::3:00 o: ey P2ODULT ) waAs ROT DEVCLOFLED
. DEVELOPMW
SEGAN DAT TIME: S
vIZLD: }\ Timi: CATE:
- GPMN.EROM TO
| ] YHELD Thea: DATE:
. GPM {FR 70
YiELD: TIME: o | 4]
) GPM |FROM .-TO
., YigLDt TiME; OATE:
. GPM |FROM TO /
R ] . cawons
OESCRIFTION
l OF YUREIDITY ficLean CISLIGHTLY CLOUDY
B AY EMND OF
COEVELOPMENT: GMOO. BtO VERY MUDDY
. R 7 ~

Orank rnu’c:\
O STORAGE TANK,

BATER naen DIGROUND SURFACE
TO: STORM SEWERS
) O oRUMS CoTHER

OEPTH TO WATER h
AFTEM DEVELOPMENT: FEET

MATERIALS USED

oS SACKS OF _SZLicl Spesu 2070  Sanp
SACKS OF

CEMENT
GALLONS OF GROUT USED (fotilanb TYPE XL ceEmewt /
SACKS OF POWDERED BENTONITE 0 =~ * TF)
—322 . POUNDS OF BENTONITE PELLETS

AT

f

——— — YARD? CEMENT.SANG (REGI-MIXI ORDERED
YARD? CEMENT-SANOD (REDIMIX) USED

CONCRETE PUMPER USED? Owno Clves
NAME

WELL coven useo%:cxt NG STEEL COVER
OchnisTy sox

OorHer

!

|

O g

e INCH DIAMETER
STEEL CONDUCTOR
CASING

4 —_—10 o feet

INCH DIAMETER
GOREHOLE

—

o

{J BENTONITE-CEMENT
SEAL OR

{J 8.sack CEMENTSAND

SEAL

st 1O

—tti 1O

foat

TOP OF CASING AT
FEET ABOVE AT
GROUND LEVEL
lt—— & “¥ iNCH DIAMETER
8OREHOLE

L2 0 B et

-——ﬁ‘senmmrecmem
EAL OR

St} §-SACK CEMENT SAND

—2=. INCH DIAMETER
SCHEDULE 40 PVC
BLANK CASING

e3 10 22:Y teer

SEAL
T 023 tea

SENTONITE PELLET
SEAL

j_ 0 -’_’..._ teet

CovOZabe SICA

g _‘7-_

—— =

[~amsx} {humat ey

SAND PACK

FYARTY.. K1Y

INCH DIAMETER
SLOTTED :_&- /O

' wane SCAEEN '
’f- '/ LT 5‘5‘4’“"

INCH OIAMETER
SCHEDULE 4QPVC
BLA;K SILT TRAP

{eat

rem——— HOT_TOM WELL CAP
24 feet

ADOITIONAL INFORMATION:

HOLE CLEANED OUT TO
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] CORPORATION

FIELD WELL COMPLETION FORM ] CHAISTY BOX

LOCKING STEEL COVER
name:  ERALGW AC8 Cocmmeny == INCH DIAMETER
rROIECT = P STEEL CONDUCTO
- Wuween. Bk9 & MANAGER: G(_p-y_ Gv-'tg_.jf_ CASING
TED . - )
Ot Lre o BFN ——to=l
DATE: e _—~ INCH DIAMETER
mame: EllTWoC radigiqi BOREHOLE
- . = _ fomt
comsanv: _,  fbol Drilling —®
caurmEnT: _ G 14 ~7 DRI ER: {J BENTONITE CEMENT
Q INCH HOLLOW STEM AUGER |7/, EE-AJ.M SEAL OR
, wouns {] 8.SACK CEMENT-SAND
a INCH ROTARY WASH omitieo: . 2 SEAL .
., e 10— feet
S e omtinGe: WO NE GALLONS
W_
PO T ORI e, MINATION Y A PECSS v STEAM . TOP OF CASING AT
- 0¢2  reer ABOVE AT
DEVELOPMENT <Sge L, DEVEWOP MEnT FoZan gElLOW GROUND LEVEL
M :’ P Y — E_c:,ﬁq? INCH DIAMETER
2:‘:::‘;&7 TIME: -~ 4'0.__0_ :oé—!m
YIELD: TimE: F"ﬁ _ -
N - INCH DIAMETER
GPA FROM o , SCHEDULE 40 #VC
YieLo: 3 / DATL: BLANK CASING
GPM |FROM TO C0.3 o I3 0,
YIigLD: TIM / DATE: —— 10
GPM |FROM o . .
vicLo: TiME: o/ GATE: ﬁﬂg::ogng-c:MENT
GPM |FROM T o4 8.5ACK CEMENT-SAND
| SEAL
O R TS GALLONS e
SF TumainiTY EAR CISLIGHTLY CLOUDY 5 BENTONITE PELLET
SEVELOPMENT: O moo. TuRBID 0 very Muooy ; SEQ" u ]
A T . LAY T |
S A AN || Coceraie Sics ol
waten .~ (JGROUND SURFACE [ rankTRUCK - - SAND PACK
OISCHARGED —_— L 08T teer
e s CsToRM SEWERS O sTORAGETANK p— —_ '
- Qorums QotHeRr — t—— & _INCH DIAME TER
o SLOTTED ! cG
AFTEm DEVELOPMENT: FEET = Juov ;fc‘% Eﬁ—— .
MATERIALS USED — U350 7231640, |
: - = Y 5
L —— INCH DIAMETER
35" sacks OF 2of 4o SAND SCHEQULE 40 PVC
BLANK SILT TRAP
SACKS OF CEMENT TR3.TY 25700,
N 20 GALLONS OF GROUT USED { Cament [ B enToD T SOTTOM WELL CAP
) = SACKS OF POWDERED BENTONITE " RS ee
) 59 _ sounos oF sENTONITE PELLETS -+—=— HOLE CLEANED OUT TO
fmpy

" NOT TO SCALE |
YARD® CEMENT-SAND {REDI-MIX) USED

ADDITIONAL INFORMATION:
CONCRETE PUMPER USED? -)R‘O Qves

| NAME ; I
WELL COVER use%acm NG STEEL COVER
OtwriIsTY 30X

QortHeER ‘ _ t
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FIELD WELL COMPLETION FORM

vaue  EACER AFp

Rhusen 3640 Toisie GV G
A T3

ik EUTL 07 TRV
Sncaae. A .. POo

CAVIPMENRT!:

o L 1]
= é;:?t:?f":ﬁ." OW STEM AUGER Ve banaario

INCH ROTARY WASH ..:L"..‘n.on S

GALLONE OF WATER

UIED DUMING BRILLING: LonNE

GALLONS

PRESSURLE STEAM
DEVELOPMENT <S<& bEVELO P enyT  FofaA

 ARTHOD OF OECONTAMINATION

PRION TO ORILLING:

THOG QF

ELOPMENT: P
::::}.ﬁ:::.':' rinee; Ny
YIELD: hal [ 1] QAT

\zm FROM T0
YIRLO: N Temems AT
EROM T0
vIgL0: Tieg: BATE:
GPM |FROM. TO
YIELD: TIME: ODATE:
com lFROM O~ 1@
TOTAL WATER REMOVED o8
DURING DEVELOPMENT: GALLONS

OESCHIFTION

™.
gPmeey  ghem

OEVELOPMENT: P guoo, TURSID

O SLIGHTLY CLOUDY
~[J VERY MupDY

-1 -1 X-14 r ™,

WATEN: v e

mg;:;.; o OGROUND SURFACE [ TANK TRUCK

To: . CstoRm SEWERS CSTORAGE TANK

- ___COorums CloTHER

OEFPTH TO WATEIR

AFTER DEVELOPMENT: FEET

MATERIALS USED

‘ a

SACKS OF CEMENT
GALLONS OF GAOUT USED

SACKS OF POWDERED BENTONITE
SO __ pouNDS OF BENTONITE PELLETS
FEET OF _2_ INCH PVC BLANK CASING

SW“’? Tor_2

~ YARD® CEMENT SAND (REOTITRT ORDENED:
YARD? CEMENT-SAND (RED:-MIX) USED
CONCRETE PUMPER USED? /qno Qves

NAME

WELL COVER USED: x'_l.ocxl NG STEEL COVER
ClcnrisTY BOX
Oortuen

3 CHRISTY BOX

8 LOCKING STEEL COveR

— INCH DIAMETER
STEEL CONDUCTOR
CASING

1

e 20T

= __"_ INCH OIAMETER
BOREHOLE

s 0 s R
] asummncmm‘r

SEAL OQ

P et een—
TOP OF CASING AT

T—G 8-8ACK cmenrsamo
SEAL .

— —

=015 eger anove AT
BELOW GROUND LEVEL

t
e 'l..l_“ INCH DIAMETER
BOREHOLE

_O_:u.i?_lm

2~ _ INCH OIAMETER

bl ] BENTONITE.CEMENT
SEAL OR
e e B8 | gg:cx CEMENT-SAND
L

— e _Z_ INCH OtAME TER

R

SCHEQULE 40 PVC
BLANK CASING

—C)._ls. t; s feer

fear '

—-—..U
BENTONITE PELLET
SEAL

A\t o 1D

‘oot

SAND PACK
—‘-—3— [£-] -ﬂ foet

; SLOTTED 19-00 €
: tesn+ SCAEEN

- ISI 01“ 35. !S““

—2—_ INCH OIAME TER

SCHEDULE 40 PVC

_ _ BLANK SILT TRAP
AE.."é walS_ lent

= BOTTOM WELL CA?P

“2AE fem

[ )

HOLE CLEANED OUT TO
Wﬁ foue

f 3

80TToM o8

>

VWwEl ARAdDC M{Q




FIELD WELL COMPLETION FORM ' | _BXCHRISTY 80X
C] LOCKXING STEEL COVER
pr-1 ]
rames EAcEN_. AFR Com— —en INCH DIAMETER
— STEEL CONDUCTOR
pgd (-] 1
STeEn ee HoH 23 F N — 10 "t
T loarm P e INCH DIAMETER
mans: EUTWIIOQ 12 hyfal BOREHOLE
co::'L.:l:: A W, POOL' E— feer
{J BENTONITE.CEMENT
'“""“"W'iowmmsm S htbase sENTOM .
“OURS ] 8.5ACK CEMENTSAND
INCH ROTARY WASH omwuEn: O, 75 SEAL .
R . pu—— ]
3::“::?:-':&&00& AN E GALLONS s
'y
Fweon To DRiLLIng, oo SteaM (Hecw Pressuae™ TOP OF CASING AT
S ~O. 3. _reer amovexT
DEVELOPMENT So¢ Loii DEVELCPMEWT “olm nouuo LEVEL
-3 4o A A P - f— INCH DIAMETER
- ) S8OREHOLE
?.‘:‘-':.'2’3&." TIMG: i _9_ :o_a'.ﬂ_ teet l
veLe a}u\ IA’B':E TO el e .2.':. {NCH OIAMETER
SCHEDULE 0 PVC
TIELD: T DATE: BLANK CASING
G a!ou TO 0.2 o8.29
vIRLD: ::a" o / OATE: z d feet
vIELD: T \ }O/ DATE: 4 gENTO‘;ll'I'E-CtuENT
GPM | EROM - Spereai"} §.SACK CEMENT-SAND
S T N GALLONS A o
ORSCRI FTION “\ ” —— I
2: ::-.l:lolgl'l" ﬂ/éLEAR ™, O SLIGHTLY cLOuDY gg:fou'-r! PELLET
OEVELOPMENT: O mo0D. TURSID 0 veRy muopY g i .
e . 0 _6_ L]
sge:.“: \\' —, —_%:‘:':s‘“m 3-3!-.‘-.
Oiscnangen  JGROUNDSURFACE  (JTANK TAUCK — SAYO PACK
rou QsToRM SeweRS QO sTorace Tank p— laer
OoRums O OTHER e e _ S\ INGH OI AME TEA
AFTER DEVELOPMENT: FEET = SLorreo (0°C
MATERIALS USED . o 8.20 (22320 ¢ee
. p—t—— oL _ INCH DIAMETER I
—2oS  SACKS OF 3./ coe G oo le. SAND i SCHEDULE 40 PVC
BLANK SILT TRAP
SACKS OF CEMENT 2330 (5 85:30 0q¢ |
GALLONS OF GAOUT USED | 4 —— BOTTOMWELL CAP
SACKS OF POWOERED BENTONITE 35.2014m
S0 POUNDS OF BENTONITE PELLETS : ' HOL E CLEANED OUT TO
_B.00  reeror_ 2 inempve BLANK cASING 23 1w
15 co - GOTTOM OF BOREHOLE .
- i YARD™ CREN e : — A ¥ NOT 1‘0 SCAI.E
e ——— YaR T AODITIONAL INFORMATION: _K&L_ I
CONCRETEPUMPER USED? SN0  [Jves Latecisk goped s ¢S on p22087
NAME Loty ICCoypere, Py e
WELL COVER USED:  [JLOCKING STEEL COVER -
%MRISTY BOX —— LEE A £ Ll Bare-/-;é_
QOotuen Ao t#‘-//.:;/ﬂrc/ L D <ml

P |
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FIELD WELL COMPLETION FORM

name: EACEY_ AFg

:‘ou.l!llll 3!‘-‘? Q m‘:&:m ‘ ﬂafc—

Wt Lee i INTY

MEe  FliTw 1109 l"\f'!:l 1o
companys A.W. Pool.

FRUIRIERT RGO new woLLoW STEM AUGER | T B tennze
0 INCH ROTARY WASH AN LEDY :ﬁ

SALLONG OF wWATER DN

USED DURING ORILLINGS NoNE GALLONS

FiianTo batingr o thew reESweE STEAM

L

DEVELOPMENT <o e DEVELWPMEN T FoRaA

A R —

w»ETHOD OF

OEVELGPHMENT:

QEVELOPUMENT

NEGAN DATE: Tima:

A4l {¥-1 TimE&: DATE:
GPM | EROM T0

YiELD: TimE OATE:
GPM {FROM ™

vIRLD: THeE: DATE:
GMM | EROM ™

YLD 1 T ¥
GPM {FROM T0

;?l;?:.w 3:33&-...::? GALLONS

SESCRIFTION

oF TURRIDITY QOcLEAR. QsuiGHTLY cu.ouqv

ORVELAFMRNT: Qmoon. TURRID 3 veay muooy

SOON OF

WATEWN:

e hmgen  LJGROUND SURFACE [JTANK TRUCK

TO: CstoAm seweRs - CISTORAGE TANK

CloRums COotHen

OEPTH TO WATER

AFTER DEVELOPMENT! FEET

MATERIALS USED

L -

2.5 sacxsor _ColonacoSiuca 2y s;,,,,
SACKS OF
GALLONS OF GROUT USED

SACKS OF POWDERED BENTONITE

S© _ pounns oF sEnTonITE PELLETS
—8:S° reer or 2= incH PVC BLANK CASING
—2o° rerror 2 ivcurveno

ZLCEMENT

r - e

. YARD? CEMENT-SANO (RED)-MIXIC
YARD? CEMENT-SAND (REOIMIX) USED. -
CONCRETE PUMPER USED? )mo Qves

NAME

WELL COVER USED:

LOCKING STEEL COVER
OénnmisTY BOX
Qoruen

O CHRISTY 80X

|

R —

1% LocxinG sTERL coven

s, INCH DIAMETER
STEEL CONDUCTOR
CASING

= ___ INCH DIAMETER
BOREWOLE

—

-

feer

BENTONITE CEMENT
SEAL OR

‘ 8-SACK CEMENTSAND
SEAL -

TOP OF CASING AT

~0: 2 rgeTwnove-ar
GROUND LEVEL
re— 7 \ncnoianeTeR

AOREHALE
L 0022 im

2= INCH DIAMETER

SCHEDULE 40 pvC

_:qg‘:o ___a"olm

("] BENTONITE-CEMENT
SEAL OR
odeei{"] 8-SACK CEMENT-SAND

SEAL
"0 —— 00T

gENLTDNITE PELLET

’-GL'IH

2 INCH OIAMETER

TNV

f

SLOTYED t .O06
incne SCREEN

M‘(ﬂ L8 e
—— —f:- INCH CLAMETER

SCHEDULE 40 PVC
BLANK SILT TRAP

lwto 322'."!.“

Copuaatl -t HAO0TTOM WELL CAP

2 tem

<—— HOLE CLEANED OUT TO
fone

'Bﬂf“.”d/g- C“Y‘L‘/ I.at 3 !/
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FIELD WELL COMPLETION FORM

o

nane:  Eapn - —

omeen:  3AB aANAGER: G'-‘fG—

ettt Lee Wi B

naes: EULTWUWLO M2 [

comrany: AW PoOL

COUIPRERT: @G incm woLLow sTEm avcer) T Eib aazza
a INCH ROTARY WASH ORILED: S5

GARG DURING OWILLINes NONE GALLONS

METHOD OF OECONTAMINATION
PRIOR TG DRILLING:

Huow Peesswec STORM—

DEVELOPMENT S5t codli HEVELLPMENT FodeA
:l Nﬂﬂ-al'."l
23:::%. i TIME: e '
VIELD: Gk#-:-oa o na'-rl; / =
YiRLD: crm ::51:( 0 DA_‘:_
:rl_n.m oy El.il":_ ra / DATE:
T omlrmom o 7 SAVE
CURING DY CLOrmeny: N GALLONS
§§'fa?-'-:fé?4'v nﬁwa{ \-SLIGHTI.Y cLoupy
G&VELOPMENT: _~{Jmo0. TuReID Q vsnv.xunov
S ™.
2 -l e
: _QoRums Oorven
AFTER DEVELOPMENT: ' FEET
MATERIALS USED

25 sacksofF S Silice Grode SAND

SACKS OF CEMENT

2S5 GALLONSOF GROUT USED ( Loancm T/ Rz 1T)
SACKS OF POWOERED BENTONITE
—59 __ pouncsor BENTONITE PELLETS

:©° reeror_ 2
to.

INCH PVC BLANK CASING

—202., reet OF—-?-INW%

CONCRETE PUMPER USED? )aso
NAME

Qyves

WELL COVER USED: JRILOCKING STEEL COVER
Ocnmisty sox
QoTtnen

[ cHRisTY BOX l

)a/l..ocxmc STEEL COVER '

e INCH OIAMETER
™ STEEL CONDUCTOR
CASING

—to T few

== INCH DIAMETER
BORENOLE

16 e fOOY

GENTONITE-CEMENT

SEAL OR

8SACK CEMENTSAND I
.; 10 e fout

R it

TOP OF CASING AT

"0:% FEET ABOVE AT
BELOW GROUND LEVEL

et .éJmcu DIAMETER |
aogsum.

e 0 s [ 09

2= INCH OIAMETER |
SCHEDULE 40 PVC I

b——JR SENTONITE.CEMENT
SEAL O

=] 8-SACK CEMENT-SAND
SEAL

e (e p—

b

ﬁ —
005 ree

GENTONITE PELLET l
SEA ¢

20 e fOE
wora o Saca Polyn ‘

SAND PACS‘

ilo—.&lnl !
2~ |NCH DIAME TER I
SLOTTED ( . 00 6
inen+ SCAEEN
-8 ac :o—'e""

fewt

3~ |NCH OIAMETER
SCHEDULE 40 #VC
_BLANK SILT TRAS
e L 02_ Nt '

- SOTTOM WELL CAP
- —_—

]
* HOLE CLEANED OUT TO

— et

NOT TO SCALE.

AODITIONAL INFORMATION:

A

lO'l;’DM OF BOREHOL! l

e |

'
H
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FIELD WELL COMPLETION FORM

O CHRISTY 8OX

DASCNIFTION

)Q.ocxma STEEL COVER
naue: HER ALE — ¥ T INCH DIAMETER
o8 PROJEET ] 1~ STEEL CONOUCTOR
numsen: LSS wanacem: GV G CASING
Lonere o e Is3 o feer
weLL OATE; = ___ INCH DIAMETER
NAMEL & 7wl (E~rS=D ~ BOREWOLE

e $0 i, f
Somsanys oo/ - a o
" BENTONITE-CEMENT
COUIPMERT: 1 £ % INCH HOLLOW STEM AUGER "V ez ze SEAL OR
—— 3 8-SACX CEMENT SAND
(m] INCH ROTARY WASH oft.LED: ¢ ¥ SEAL .
aema. 10 fout
CatE Duning OmILLING: o i & GALLONS
" PmeRTo GRILLINer T PESSULE STEANA B L TOP OF CASING AT
— O+’ FEET ABOVE AT
DEVELOPMENT <gC woEil DEVELOLM ENT Fb@.U\ GROUND LEVEL
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